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Cu(I)/Cu(II))t©|««)H«y^X 
EJ6fc*^< if LVi»^*ft(JK^«S9^*;i'«-&* 
fcliATRP)tt, XfkX W*)7d"JP-h*i 

U ^5*^ADy>flt^»(8JW!l(»«)ibT»^ 

A[M]/[I], (Mn>10»£l.h> te«kD*»fc*&ftfc*¥*i 
SH***J:rJCS< S£!H>^«##(Mw/Mn)1.15S 
*-r«(ft)*6#lP*&n«. ATRP»C7U-95?* 

&©£#fl;^fc,k9£iE3n<&. see. «*&n*o 
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^ajBf#-eBaffiHt#-c?#*N, o, p ■£ fete s^fbiM^ 
^ s nfc (#) m^©**-*- 5 X@ 



4. BtrlS@3t^n^M^^W**^10 mol/Ld»e>lmol/L*-e©«fifflT?& 

s r t t -r z 2 <d jj$k 0 

5. HuiS¥*#^TfE:£ : 



y^^^/K C a -C.0^Pr^;K ^rni^ U/K C(=Y)R , C(=Y)N 



\ 




c = c 





R R , *Sj;T>*YC(=Y) 
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r 7 mnm\z.7km&tc\z 1 f@^^2oi0^m^^^i-sr/vdr^T?fe5^\ * 
, ci-c*T/i'*/i>&£TtcooR° fabj£zmmfrbmmiz.mi£ti, r'w:** 

R'^itJJR^i^^tbfc^CCHa)^ <75S % ^fc{i^C(=0)-Y-C(=0)(^* 
r\ r\ R* teXTfR* <Dft<D'ptj:< i t 2fflttH*y5:fa^ay>'-eS>S) 

^^tis r t Mi tsiiM i ©m 

R ii R i 3R ,a c _ x 

10 14 14 14 

(5£^Xf3:Cl, Br, I, OR , SR , SeR , OP(=0)R , O P (=0) 

(or") 2 , op(=o)or", o-n(r u ) 2j *5j;t^S-C(=S)N(R U ).d»e> 
*JW^*^nf«y«^nywb4fc^J:«3it**nrfc«t< ; r" (iry- 

^S*ytl4^ hi/- b£fcft#ll&tf)Ci-C2o (DT/Vdr/VS-CfcD ; N(r" ) 2 £ 

R > R > fe«tt>*R fiTK^, ^0^y, Ci-Cao COT/V^K Ca-Cs^V 
^n7/^/K C(=Y)r\ C(=Y)Nr'r\ CO CI, OH, CN, C s -C 2 o 
OT/^=/K C2-C20 WT^dr=^^-^r->9=/K ^U^^/K 7!J-;K ^ 



(4) !$m¥- 1 0-5 094 

, ^fn^y;K c(=y)r\ c(=y)nr' r frtbj&znmfrtbm&tiz 1 
r 11 , r 12 , *5it>*R 13 <Dft<D2mtzrt&*mx*hzzk*wmk-tzn&T%i 

n+ 1+ 2+ 2+ 3+ 2+ 3+ 2+ 3+ 3 

(^C^Mt f±Cu , Cu , Fe , Fe , Ru , Ru , Cr , Cr , Mo 

+ 2+ 3+ 3+ 4+ 3+ 4+ 2+ 3+ + 2+ 

, W , W , Mn , Mn , Rh , Rh , Re , Re , Co , Co , V 
2+ , V 3+ , Zn\ Zn , Au\ AiT , Ag KXTJlAg* frbmZ&MfrbMtt 
ftTt>«fc< ; 

X'tt^oy^ Ci-COT/Wadr^ (SOO1/2 , (PO<) w , (r" PO<). 

tL5*S % R 1S «H*fcli^Py>-C 1-5 Hia^-Ct S^. h h^fcte^fed 
-C 6 ©7^^St*fc'3 ; 

n & JP* © 7 — r /V • ^ ^ — ( 0 ^ n S 7 ) "C & 5 ) 
9. HfrlB@Hf4^TISW^: : 

R ,B -Z-R 1T 
R ,0 -Z-(R ,8 -Z)--R 1T 

(S;^R 15 *5j:t^R 1? (±H, Ci-C* ©7/W^V, 7!J-;K ^y , nv^!JA\ 
Ci-C 6 ©7^n#^t*f^^tLfcCi-C. COT/I^/K C1-C4 ©^7;v^;>7 



(5) 10-509475 

s>\ c(=y)r\ c(=y)r 6 r\ & xtsy c (=y) r frtbf&ZMmfrbwm 

t>2om<n&tmm. s F& : $T5T/\'*/i'i*fov , r 6 iR 7 fi^-a-^H-c2i@^^ s^a 

ZfiO, S, Nr" *fcf±PR U R 19 fiR* &£TfR 7 bffiZWmfrib 

Stifi, zfiPR 19 -e$>*K r" iiifed-c™ ©r/ua^-efcu ; 

#R 18 l4C3-C.©i/^D7/V*y^;K C 3 -C. p 7;^y^ /K T 

*5 J: z #*W£-#BH*1- itn /3 fo 5 c 2 - c 4 © tjv 

^ru^t c 2 -c4 or/^si^^d^^aapaA^Bfjfl^affns— flff<z5*T?*> 

5 ; 

r 18 *3«fct/R 17 i>m&&*ix* mam. *mam*iti'mmm*Mm-ezz±& 

r 6 ^r' 7 cd~ jf&ftnmJj&^TVi/? y^-e*>3, z cm, 
tfciiR 18 ^fctiR 17 4^t±-tow*-iciK#§n^4jiA>e>7ji*wai-e*>a 

CO ; 

l-effiCQ^ci^Vil^, Ci -Ce <D7Jl"*A'&. Ci -C. OTA'a^'/'X, d- 
C,07^a#^^=/H, 7U- ^fn^U/H, ^it^^^f- 

-f ± is ; 



(6) 1 0-5 0 94 7 5 

20 21 5 5 

5£R R C(C(=Y)R ), (5£<f»Y*3.fctfR tt_h|B»^||$nfc i*5 «9 "C*> 9 

20 21 

20 21 

v^fni(Hi^nyy^<)$ bi:i-5floCi-Ci07/u*/H, Ci-Ca 

10. M^Wio" 4 MA»felM*-C«)|filS<D«|JE-C^*nSwi:S:^«i:i-5f»* 
JS 1 (D^m o 

11. M^Ji^4fls:^«^io" 4 il^feio" 1 : l*-CO*yUJtSr«^i-**-C 

12. »^Jl^^©^#*:^»^«^^IB^JcO^yVJt/6S0. 001: 1 
10 : 1 * tf ©*£ffl i ft 5 i 5 ft*-?fc 3 r. t £#m i "f 5 IMd 1 ©# 

13. Ktt^©^«tt (a) *£&JR{b^3_L©Bate ^«J^*j- (b) Efifc^ ©Kfl: £ 
*W^l : 1^^100: l*-e»«fiK-CfcSrtSr#m^i-SS»^l©^o 

14. (a)t&safi^x@^*3{-t5WMo^^. (b)sfrisM^xm©^©^^ 
ytii^^/vo^ft^tiftasis^^^^^/w^fti-sjft^j; 19 1, oo<msa± 

15. TIHcDit : 

Ri>Ri*R»»C-(M , ).-(M a ),-X 

RllR . lR » aC _ (M > )p _ (M 2 )<i _ (Ma)i _ X 

R >1 R"R t »C-(M , ).-(M"),-<M , ) r - . . .-(M*).-X 



(7) mWZ- 10-509475 

(j*(pXf±Cl, Br, I, Or" , Sr", SeR U , 0-N(R U ) 2 , S-C(=S) 
N(R U ) 2 , H, OH, N 3 , NH 2) COOH*3j;^CONH2 fr^$LZ>W&frt> 

10 

fix hu— h^tt5H£(0Ci-c». ^T/^/uK-c&O^ n(r" ) 2 ©S^#4 
i< ; 

r" , R 12 , 43j:rj?R 13 HH, /MJ^y, C:-C 2 o £7)T/V=3r;K Cs-CsOv^ 
0 7;^;K C(=Y)r\ C(=Y)NR 6 r\ COC1, OH, CN, C2-C20 CO 
T)V>r~>\< s C2 - C 20 COT /U*r~/l'3-3ri/ 7 ^UV^K 7U-;K 

n^!);K 7?^=^, *ijfl^?-tf> 1 fi^^it^o^ 

^ift#lfe;t&ft5Ci-C.<7}T/V^/W S.r>*Ci -C« ©7;^^->, 7JJ-/K 
^fP^!)/K C(=Y)r\ C(=Y)NR 6 R 7 ^e>^aiFP^>fbjSf^ix5 lfl 
3flOfl|JjU6-Cfl||feS*LfcCi-C6<7)T/V^/K ^9 

R 5 W: 1 mfrb20m<D&imm : 3-& : $1rZTJl>*fr > 1 «*»ej20«<DjK*JIS(iF-Sr^r 

tSTA'a*^, TV— /U^v^fcJ*^ foi/^ V A>st 9 ;R**Ji 

R 7 «^^^T2^^ib5f@(7)^^^-r5r/^U>'SSr«LT, 3 

Jld>fe6A*-C<DatSr^UTt>J:< ; 

R U % R 12 % *3iTJ?R 13 (Drt0 2^fftt^Ht?fcS ; ^Lt 

m' , mVm\ . . M'^-Ctt-tn^tLlBSSi-S^n y ^ <75^*^S|U CC7&V> 

± 5 fcafims 7 BT«B***«:-e*> 9 , P , q, r, . . . s 3= xmm^ 

y *©tt¥*WHP*&*l, 00075^250, OOOg/mol ;£-?<7>$gH-efcS ± 9 

Tis^: : 



(8) 10-509475 
X-(M a ),-(M , )p-(R 1I R ia R ,3 C)-(M , ) P -(M 8 ),-X 
X-(M') b -(M 8 ),-(M 1 )p-(R u R ,2 R 13 C)-(M , ),-(M 2 ),-(M > ),-X 
X-(M u ).-...-(M s ) B -(M 2 ),-(M , )p-(R"R ,a R la C-(M t )p-(M a ),-(M 3 ) r - ...-(M u ).-X 

(^r\ , r\ X, m', M 2 , M 3 . . . M's^&itfp.q.r, . . . s 

* -era Jifc-efem bfc t *5 «9 -cfc 5 ) ; 

Tf55£ : 

R ,, R , "R"C-(M 1 -M B ),-(M , -M , ).-(M , -M a ),- ...-(M v - M Y )=-X 
(R»Ri»R»»C)-C(M l -M»)p-(M"-M , ),-(M 1 -M a )r- ...-(M v - M r )»-X 
OCTr" % R 2 % R 13 *3i^X{i_hS(^g|bfet*3 9-Cfe«9, 

^-Ttlfr—jj-VlbQ, M tiM *3«tT>*M 2 Oflfe^-C&t) , P,q,r, . . . s^-CiiglJ 

iBl^**^fro«: :s P*&4^?'l:* s i, 000/5>ki, ooo, ooog/mol^-c^«5fflt?feS J; 5 
TfEiS : 

(R"'R 12 'R 1S 'C)-[(M 1 ),-X]z 
(R ll R ,a R ,a *C)-[(M , )p-(M 2 ) Q -X]2 
(R ,1 'R ,I 'R ls 'C)-[(M , )p-(M 2 ),-(M 8 ) r -X]z 
(R ,, R t " , R , " , C)-[(M , )»-(M»).-(M 3 ),- ...-(M") s -X]z 

(aSfR 1 * , R 12 , R 13 IIr" , R 2 „ R 3 Sr-g-W-bfct«5aS2d»e>5* 
^<DXm&i£tt& h^5.4kflrtt%-VR U s R 12 > R 3 tPJC-CfcD, Xfi_h|a 

m\ M 2 , M 3 . . . M U *T«±|S^^b^:t*5 9-efc«9 ;zli3^?)6t"C 
©IBrCfcS) ; *s«fct* 
TfB5£ : 

R l, R l "R"C-(M , .-M B b)-(M , .-M , «)-(M 1 .-M 8 «)- ...-(MVM'hMMVM^-X 
0£*R U , R 12 , R 3 *3J:VXH:±|B^3eiiU^:^*3D-C&«3, M $SXXm 
fim^^9^^^K^H^**^-efe>9, a, b, c, d, e, f, g, hfifca+b=c+d= 
100T*fe<9, (e-f), (g+h) fcit^a+jO^^iX^fetti-^-C £5=1003; it ttO £fc 



(9) 1 0-509 4 

5 £ 5 fcB!!«fc»fiHSW -^-CftV^-Cfc «9 , a :bCOtt:^100: 0 d»?> 0 : 100 
*T?W<fifflF*JT? % c:d<DJt^95: 5 :95*-CtD«eH(^-C x c<a*3 «fc U*d>b £ * 

S J: S mStfft, M-C*5Ji#tt* e:fOitl490:lOA>e>10:90*"C©|fiBB'C, e 

^r**fl:<0*^Jfc©«H©**/&tt 5 tzimikmm'J>-&tct±m\l U e:f 
<OJt»4 5:95d»fe95:5*"CO|Sffirt"e, e=£c*5 «tt^f =£d£ &5 £ 5 fcSSfitU i: 
j^itttO rlOO^i^iblOO: O^WtSHft-?, i*et3£Xfij*fbti:Z>£ 5\ZMt&L 
5) 

16. T!2tf>5£ : 

R"R 18 R 13 C-{M')p-(M z ),-X 
R i »R»*R"c-(M 1 )p-(M a ),-(M s ),-X $ fc. » 
R ,1 R ,a R 18 C-(M , )p-(M a ),-(M , )r- . . .-(M')s-X 

(Stf'XfiCl, Br, I, OR'", Sr", SeR* , 0-N(R U ) 2 , S-C(=S) 
N(R U ) 2 , H, OH, Ns, NHi , COOH & «tTJ ? CONH 2 d»&J^SflS|R^ 

m^4^T 1 ^ i J;v^l-20^@(7)^m®^^^-r5r/^=^r/^-efe•9, r u 

fcf±:* hlx— h*fcfi^-fe(DCi-C2. (DT/Udr/WS-^fe'P^ NCR" 

r" , R 12 „ *3it>*R 13 fiH N AP^y, Ci-C 20 C7;P^;K C^C.ID^ 

C(=Y)r\ C(=Y)NR 6 r\ COC1, OH, CN, C 2 -C 20 <DTs\sfr~J^ 
C 2 -C 2 o ©7/v^=;^^^7=;K ^U^^/K ^n^!);K 

5C.-C6(D7;K;K *5iT^d-C4 ©7/>a^r^ 7U-/K ^fo^U/V 
, C(=Y)r\ C(=Y)NR 6 R ? ^ib^SlF|3^^^^tL5 l^H^^ 3^B<?3Sm 



(10) 1 0-5094 

R 1 ffl*>fc20«©K*DR : f , Sr#i-5r^yK 1 *W»&20fc©JK*JJSCf-fc# 
tSTA'a^V, 7!J-;Vt^'>f fcli^TP^^ y^^fe(3 ; R 6 *3i 

*36»fe6j|*"eoJt«r^U-Ct>J:< ; 

R U > R U > <Dft(D 2mfcli&H-?&Z ; ^Ut 

m' , m 2 , m 3 . . . M'f-cii^tiiits^n y ?<DMmmswi c-c&v^ 

J:5^»tfn*9^*/um^*RT«J5cl|t*flc-T?*>9, P,q,r,. . . s*-Cta»J«fc 
^•^n 3^<BSPF*&#^*asl.000fl»k250, 000g/mol*-e<D$E|S-Cfe5 £ 5 f-S 

17. T1E:&: 

X-<M a ),-(M 1 )p-(R I, R ia R ,3 C)-(M , )»-(M s ),,-X 
X-(M s ) R -(M 2 ),-(M , )r-<R ,, R"R l8 C)-(M 1 )p-(M S! ),-(M s ) t -X Sfcli 
X-(M u ) s -...-(M*) R -(M 8 ),-(M l )p-(R ll R ,8 R"C-(M 1 ),-(M a ),-(M 3 ),- ...-(M u ) s -X 

(ittfR 11 % R 12 % R U % X, M 1 , M 2 , m\ . . M U ^-r-*3«tt>*p,q,r, . . . s 

is. tibs*: : 

R u R ,a R"C-(M 1 -M a >»-<M*-M t ),-(M , -M»)r- ...-(M v - M v ) s -X Sfcf* 
(R"R 12 R 1S C)-[(M' - M a ) P -(M s - M*),-(M*-M»).- ...-(M v - M^.-X 

(5£*R U % R 2 , R 13 *3 XXfiXtm*mG\Z.EMV1t£l3'!) , 
Vvfft/0>— ^fo^ M ? {W *5.fctJ<M Wftk^-Cfe 9 , p,q,r,. . . s^TttSlJ 



l^*Ot¥Wi^l, 000/0* ibl, 000, OOOg/mol*T?0«5iaT?fc5 <t 5 fcJBfJ 
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ft*) 

T*$ft5»^i5ro*m^ 0 

19. TfExS: 

(R ll 'R l8 'R l8 C)-t<M , ),-X]z 
(R»R«R»"C)-[(M l )p-(M a ),-X]z 
(R««'R*» , R " , C)-[<M , ),-(M»),-(M') r -X3z £fc tt 
(R"'R ia, R ls 'C)-[(M , ) > -(M a ),-(M'),- ...-<M").-X]z 

(xtf r" , R 12 % R 13 (4ff^l5T*^^ft^R U > r" > r" , fclBJCC 

m\ m\ M 3 . . . M"^tti:lEfc£l*Lfc£*3 0T*>!> ; z»3 6 £T? 
<aifc-?fc*) 

■C«*ft5l»*:3JCi50#M#^. 

20. Tiest : 

R"R»R 1 »C-(M 1 .-MS)-(M , .-M , *)-(M 1 .-M 1 f)- ...-(M'.-MM^M'rM^-X 

(sS^r" , R 12 x R 13 *5J:VXttlt^qCl5^3t«Ufca:'j3 9-C*>>), M'jfeitf 
M 2 fi^59^^S^Br^«C¥*«c-Cfe«3 N a, b, c, d, e, f, g, hfia+b= 
c+d-100t?fe V % (e+f), (g+h)^±T>*(i+j)rof ft^^^«i~-<T^=i00*/tHO 
4: ft* £ 5fcBiJ«fc»tfft*^-f ^*TftVMft^S>^ a :bOJt^l00: 0 0 : 
100*-C(D$£BF*i|-e % c:d^Jt^95: 5£>£> 5 :95*T'£D*g|Srtt? N c<a3o J; tFd>b t 
ft*«k5{-Srtfft> iiffl-C#**&^fi, e :fOH:W:90:lO*»e)10:90*-e(?5|5SBT? 
, e<c*3«J:W>di:ft*J;5{J:afift, ^ttl^^n s^Wsv^Tffc— 

##Sf^M:{*W^Hfc<D«£^ e: 
f©Jttt5 :95*»fe95: 5*-CW|Sfflrt-e % e=*c*3«fctff ^di: ft* «fc 5 fc*f*ft, i 
:j(DJt«0 : 100/5^100: 0^-CO*5HrtT, i^e&itfj^f ft * ± 5 i-ilfcfft 
*) 

£ ft * it^JSl5(D*«^#: 0 
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M^MM^J^jl*40¥l-^>fc«9M^$tl-C#fc(O.W. Webster, Science, 25 
1, 887(1991)) B 

^X^"C^|E|fi$*lTV^5 (Greszta et al, Macromolecules, 27, 638(1994)) 0 



(13) 



m&W- 1 0-5 094 



^i^fc^^ftfcT/I^^TS ^-eW»*nS*»*fett*3l5Wffifll(in situ 
)-CmWL£tlZ hWlbZ Ofcffi^WIR 581,429-^ ; Georges et al, Macromol 
ecules, 26, 2987(1993)). ' U \fl/lf*i$ V 79 V U~ h ^M^t^ti ft tCo^ 
^t#/^ffl£*tfc (Way land, B.B., Pszmik, G. , Mukerjee, S.L., F 
ryd, M. J., Am. Chem. Soc. , 116, 7943(1994)„ * V f V g^^tf =. 

/HiAl(i-Bu)s :Bpy:TEMPOMM^S:^o"CH$4"C#5(Maldare et al, 
Macromolecules, 27, 645(1994)) c il^t^^^/l^i t>*S1^ n 

^ttsiiM a^/a $ tL-c p« * ^ y ^ f-fr t mm x-jwmm ? & t> 

"a £rff oT#yt (Lee et al, J. Chem. Soc. Trans. Faraday Soc. I, 7 
4, 1726(1978) ; Mardare et al, Polym. Prep. (ACS), 36(1) (1995)). 

foo?c(T.Otsu, T. Tashinori, M. Yoshioka, Chem. Express 1990, 5(1 
0)801). 

M<DmX\z.fe, RuCL (PPbJ^^STtCCLiCj; <9 M*6£tl5 7 P 

;VT;v (2, 6-^-fg 3 -f^jvy 7 y K) L-ftV^i: |g£ L * 
V*(M. Kato, M. Kamigaito, M. Sawamoto, T. Higashimura, Macromol 



(14) 10-509475 
ecules, 28, 1721(1995)) B r <0^^\t.mW>\Z.^^iX^ U K y ? *M1&Mfcm 
fist LTV^<5 Bamford, Comprehensive Ploymer Scince(First Supplement) 
, Allen, G. , Aggarwal, S.L., Russo, S.ffi, ^V^y : ty^^7 
h\ 1991, ^3#, 

123K) 0 -e'T*« > '>tWi^7 v^*;WS (1) R CH X 2 1 fcliR C Xs (X=Br, 

JB J f-^»9^*A'Of«P, ATRA, tt^Tttl^fifctcSSItSC — C»^^0« 
ftlO^-C&So (*S^^*5»tSl^^»^^oV^T«(a)Curran, D. P 
. Synthesis, 1988,489 ; (b) Curran, D. P. x Free Radicals in Synthesis 
and Biology, Minisci F.$IU Kluwer: Dordrecht, 1989, p. 37 ; :Jo «fc t>* (c) 
Curran, D. P. Comprehensive Organic Synthesis, Trost, B. M. , Fl 
eming, I . , H, Pergamon:, Oxford, 1991, Vol. p. 715£r#$0 o ##"l'J[£V > > 

aaHoATRAfc*3ivt\ 2um<DiR*&Wij?m&iz%<m&£tii£o ^<ox>t 

0|4JK-?§|#SE#*ytW:**y ^HijltLrftl&tlTV^ ((a) Curran et al 
, J. Org. Chem. , 1989, 54, 3140; (b) Curran et alj . Am. Chem. Soc. 
, 1994, 116, 4279£#f$) e 1 (ftftSMt t> © LT, /no 

y >-) * fc t4 1 o tf>X £ 'tf S P h£ fcfi S e P h) a* (pt£<E>#^fl» 7 S?*/w^ 

i£ 1 : Rr + Rj-X ^ R)- + R.-X 

X = !, SePh, SPh, ... 

p^c-i »^fcJ:trc-SePhite#*s#^E-^5<©-c % ^ia<^|f5:^ 

WJ! L fc ( C urran et al, J. Org. Chem. $$£X$ J . Am. Chem. Soc.,_b|E 
) 0 ID»©#^(-*3V>T, TA"*juaVfcm*?V*'i'm&\z.ti 



(15) 1 0-5 0 94 

tb*s «fc tWiJcftXgtefc 5 JBiSI(ft^»j &g ft 5 r t <D -v # 6 mtiti a * K 
-efcS — (Gaynor et al, Polym. Prep. (Am. Chem 

. Soc. , Polym. Chem. Div. ), 1995, 36(1), 467; Wang, Polym. Prep. 
(Am. Chem. Soc, Polym. 

Chem. Div.), 1995, 36(1), 465#{&) 0 

W<DR¥MM&tiW»&Mm\Z£Q^i&ftZ«*) Bellus, D. , Pure 
& Appl. Chem. 1985, 57, 1827; (b) Nagashima, H. ; Ozaki, N. ; I shii 
, M. , Seki, K. ; Washiyama, M. ; I toh, K. J. Org. Chem. 1993, 58 
, 464; (c)Udding, J. H. ; Tui jp, K. J. M. ;van Zanden, M. N. A.; 
Hiemstra, H. ; Speckamp, W. N. J. Org. Chem. 1994, 59, 1993; (c) Se 
ijas et al, Tetraheeron, 1992, 48(9), 1637; (d) Nagashima, H. ;Wakamatsu 
, H. ; Ozaki, N. ; I shi, T. ;Watanabe, M. ; Tajima, T; I toh, K. J. 
Org. Chem. 1992, 57, 1682; (e) , Hayes, T. K. ; Villani, R. ; Wein 
reb, S. M. J. Am. Chem. Soc. 1988, 110, 5533; (f)Hirao et al, Sy 
n. Lett., 1990, 217; (g) Hirao et al, J. Snth. Org. Chem. (Japan), 
1994, 52(3), 197; (h) I qbal, J; Bhatia, B. ; Nayyar, N. , K. Chem. 
Rev., 94, 519(1994)) 0 <DSJSfc*3V>t\ »£&JRte^<^j£*f^ 

n+1 

n+1 

*JVR fiT/KJr^M^a&U "PWO^^/^gR-M ^^-T5c Mt X 

@w^^R-M-x^ttfci[K^(bfiu(i>9096) x±j&i-zm<Dm&&mm 

n/ n+1 

Mftmjfa*&W}Eijfc<Dm v ^m-i, m, m< +>>r * <^Ky^^i 
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(Curran, Synthsis, in Free Radicals in Synthsis and Biology, 3oJ; 
TJ 5 Comprehensive Organic Synthesis, _h!E#fli) 0 

M 

t^o-c, *»SO 1 <*<DBffyt±m*&W}? '^;H^(ATR P) fcS<K T/v 
#38 81 0) § h ft 5 g WttJBfrf^tt 9 ^ /w«-a- ( A T R P ) \zm*3 < T )V>r ls<D 

wr±«*© ? s^^si^- J: "9 #e>nfc o £ «9 $ e, 
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ia 3 c u a) c i ( i y$ ») *s i xi t° y >- ( b Py : 3 m *) <D#£T-e i 
7^=^^-cmM^^c130 c Cwt^ y**M?7K* ma' m^s-a^H) 

o 

it 3/ 1/1 SrffifflLt, 130 < C-CHJfe^nfeT^ y^BI^/K^— it©*WR-? 
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0 7 At 7 Bttlmol^iWCuClt 3molM$ft<£ \f t° ]) v^BpyW^T-CM 

^Ji:L-C2->?cin7 p Pt 0 t= h y^SM&HU lsor-rMJ^ti^cP Sto' H 

08At8B(l ;*^-2-^CJ^r y^U— h (" 2-Mi B Br" ) CuBrfc 
£t^Bpy£ 1/1/3 (E^r/Wfc (0 8 A) "C^ffi LT100 c C-efS$l£ftfc PMMA© 

A I BN(g]8 B)&mm^XffiM£tlfrPMMA<DZ:nb<Di£%l&7f;VX^^Zo 
m 9 l/l/SO^Uit^PECl/CuCl/BpyM^J^^or, C 

m*?-^" MA" , p<^^y^p<^" MMA" )(Dffi^feW}7i?*Ul'M'&<D 

12110 £EUlfi, X=X'=Cl-Cfc5#-^CClATRP" ;|E|l0)*5j;t>*X=X'=B 
r(" BrATRP" -CfeS^f-rfcttS, H^^ J f*Mn.sEc ^S^lft^ 

5ln(K, W )Jtln([l-PECl].), ln(K p W )2tl n([CuCl], ), 1 n(K, * 
P )*fln([Bpy]o (DZfv y Y &7F"fo 

013 A- C (4, ^•ei30 < C-CtT^tl/c^ ^ W ^©JS^BHb 9 i?*/H^l:oV ^ 
T © M*#W©8b*(::.RI3?i- [ Cu C 1] . o3b**s i tW^t»*ttt tr^T if 9 7 

mi4A-B{4, y/^y^K^j^^»9^^s^^ov>Ti^«ioji$m 

015(i N Cu(I) Cl^*-^n^^j(g^3rMSiL-CCu(III)«Sr»^$*, 
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m is a t is b i±*ai/> p y >"fb#) &m&&m kBu&£itzzb\z£9 7y—? 

^/vSr^$*5 2«^p«*^X^^b-C*3«9, ^ny^^»(iai8 
A) * fcfi«SB^tt^#J (018 B ) Sr#o TV> 5o 

(l)ATRAR(Sii^4f«*«/>P^ft*R-M.-X^i 
^^0 2K:^£;h/CV>5«fc (Dt/ ( i:j5*,-I©I^7^*^B( 

#3B9§ tt y if V ^/fWUP 9 5^* ^M-fr «r£T 5 fcrSlft MttX <&ttffi Sria«rt- 5 

© m <z> K y * * *5 5 7 /V© «T S3!«i±fife L T v * 3 e 
*9*/vM*63W tLt©l-7i ^jv^f-jv^ p!) K(l-PECl), ^e^/vftfeifc 

ot\z$$ftzx?-ui/<D ry fc*>^j 7 ^*;v»m^*v^^ tM (0ijiifM 
-/ 

M.< 1.5) iirt-SM.wio^-eo^ffltfc^^t^^its. 
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*&Wfc&tf Zmmm^-tetiO 3 mol/L-H) 6 mol/L % $fji(C«10 8 mol/L 
-lo" mol/L<Dmm<D)&^feftm&^tt^Zf&&7i?*'l'k (ft^lttlcteio" 
'mol/L- lmol/L, #31lCf±10 * mol/L -10 ' mol/L <0fSH<B)JfctfcWilGl , » 

a^uvr, -ttL^9JSJcs(0!i*.fi, 9^*^-9^*/n«3te, mimu^n 

frb<D*7 i?% As&t&tj: Z) (Dmm fc:*3 5 L < * v Mf #P «r t> k b*i 

t£\,\ ^9^^<Dmmm0 9 mol/Li^VM^l^ a^ttS*b<* 
V > {3 ifaff < ft 5 Lttfc V \ 

(^«S^100,000g/mol(?5^*S:Wi-S^^S:^XL5o ' L.j5»L.fcflS&, i 
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R 1 R 3 

\ ✓ 
C-C 

/ \ 
R* R 4 



Kf, R SSit^R ttSftScLTH, An^y, CN, CFs, «*lfcl-20(# 

10(»»^t42-6 % J:«J»3i^tt2-4)©a, 0 -^*&fP<©MU*<t> U< 
#^OT^^t>b<teT^3r-/K (Ml f (Ml- fi 

a «&£*bfc^*!& 2 - 6 CD a , J3 -^«lfn<Dilt*M*fc L < 

©TA'^-=A'Gff31fcf4lf=/V), Ci-Ci^p7;^/K ^n^5^, C 
(=Y)r\ C(=Y)NR 6 R 7 *5cfc^YC(=Y)R 8 ^lb^5^^3liR^^ * 

^-CY{iNR 8 ^fcfio($fjg{e:(io)-cfeoTJ;<, R 6 -20©r^^ 

fo>9. R*:|8j:tfR 7 ^&LTH*fctt&3lHRl -20<OTyV^-Cfc5^ j£V^ 
(iR 6 Jtt>*R 7 2-5 ©7;^ U^m&tkfit Ut 3 6 

1 - c 4 r dr /vs -eflHft £ in x v * x t> <£ v > ) •£ ft i* c ( = o ) - y - c ( = o ) <n m 

&±T£l*i*;h/ri^5ifi 9 tltR 1 , r\ R <D&?£< b h 

2 o fi H * ft fi^NH y £> 5 ] cd <D £rg-fro 
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it* try u=/K$f3g^«7^=^feJ:W7^)^v^> N r rr*#^r<D7K^m 

i -2o<DTju^mm\a-immm i - 6 ^l-c£ t> gmt^y ^) 
•9 i -2o<DTju*svwmKte&imwc i - 6 ^ lt £ «9 smt- 

— 6 (75T/V3=¥ 

-5f@^ayylf*5J:(;/t)L< »4Ci -C< T/^dr/^*-e^tm^tLTv^T^ 
J: v > y s =/W£ «t 19 M £ *vt v > T J: v \ (fry — /vj © j£* W: f T y -/v** 
v^j*3J;t>MT7/w=¥/H ^coTy-^Sf-tiiffl^tv^o ^ftiSfc, _LfEO«&S 
0) 1 ot7x=;Hi 1-5 0*|fe$*iTV vr J; < Ltt7f;Hi 1-7 |U1t 

m^ftTv^kiv^igf-tfu ry— /v£as«*£;h,3»^f*i -3im«ifc 

-CI -5I»ifjlfc7x5^ afet^^«*«l-6©T/Wdf-/K J3m£fci-4 
OT/V3=¥V*3itJ«7ai=/Vj; 19 &5i^fe31^£;fxfc«&S-e 1-3 HW&£ 

*JR^S3V>"CI4, k^nS/* y ;vj fit* y v?/K 7JJ/K tTn y /K 

, ^f5^/y;K t^yy/K i^7^k t°y^~/K fyy^/K tr? 
=/k -f^Ky/K -fy-f^KU/K ^y^/y^ ^/7!J/k -fy^y/ 

y~/K y^ys^/K ^yy/K -fy^yy/K y*9^=/K ^t/y-^ 
, ^y^-y-y^/K ^^^-y^=/K 7i;*tf>f^ TJ/w^yy^K -yy 
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U— 7xt^U^-/K T*!7S*=-H\ 1 , 10— y :f?-y hny — /K 7 
at^, y^y ^v*— /K 7x7 ^■7-^=-;K ^"^ff-yy/K f7/!)/v 

7km<mn& ^ ? . $m&-*7 i o^u /v&iu* tr y s^k 7 y /k tf p y /k 

^rc^/K >T5*Vy/K tfy^y/K tfyv*-/K if y try^= 

if^-zyfeiwy Ky/v^^n. ftts^sa^^p^^ y^Sfify 
jmiir4 2-if=ynf y >*y % 2 -if— /vt°o- >k 5- 

f-;l/fn-/K 5 — If — /Uo^f-y— 2 - If — 

;Vf7'/-/K 5 - If — A^T /V, 2 - If =. /M" 5 ^3/— /K 5 - If =A"f 
^ 3 - If =/Hf 7 A\ 5 - If — ;l^t'7 V— A\ 3 — tf — /Hf 9 ✓ 

— /K 6 - if =/Hf y ^yy, 3 - if— yuy y ^-y-y— ;k 3 - fc'^;K y 
y— yHR, 2 - if— /nf y v^y 4 - if-/nf y ^ iyy, 6 - tf =;nf 
y, *3«ttj«if— /nf 

7^y^-g-$tL, 2-if-/vt°y i?vj5s*t>iKi"C&5o -tlE<£> * ~;i>wm%t 

y*. v^7/S, ^x^S^^^Nn^yJE^SrWi-Sr k&X%Z> 0 £ 

10 10 

wcfc.fc^h ^miS:2-20WT/y>jr-/K^ii^«if=/v), #*iff gfe 2-100 r 
^-/W^J-teT-fe^y^K 1 - 5i©/M3yyl^t L< ii^*«ci - 
4 CO 7VV=¥A'S'?e& $ ftX V t «fc V > y =c -/K * fiT 9 A^FTy (T y — 

-w&zfitz.T/v^/v, ~ r t?t y —jumny^ — £ titc y ^ — 
xih*)*:\^xT>v*)vm<Dmkm-i\ -e ^ -c^«iyr*>j:v> 0 (r 
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$fiii^^*^l-«Ci -C20 7^3-;vg©(^^)T^y/Vix^ 
tvMR* T^Un^MJ/K C-C20 7^3-/>I«^7y7^ U/l'ix^f 

bZ.?>\Z.) Ci -C 6 -T/l^/VS£^LT:7;e~/w3t_L(£Ci -Ce-TA-^/K C. 

(BA), 7^ U;^2 -x5 L ;I/^drv/;l/(EHA) > U v =. b V MAN)*5J: 

R"R 1S R ,3 C-X 

5^ 

XttCL Br, I, (^iX-^il^ixTV^SaD 0)Or'° , S r'\ SeR" , 
OC(=)Ro" , OP(=0)r" „ OP(=0)(OR" ) 2 , OP(=0)Or" % 

o-n(or" ) 2 *5it^s-c(=s)N(OR U ) 2 «£ 9 &53&&>S>jg#l£*u :r 
"CR M ttTy— /U*^W:Ei((tt 1 bL<«:^tt«(*t©Ci-Ci. (frjgKteCi -C, 
.)T^^V*-C*)««\ *fc«N(OR U ) 2 ^S^-f§^^(i2o<Z5R U * 
LT (_hfEO f'vf n y OjeUt^ 5)5-, 6 - & b < 7 - Jlfc 
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mm3m&Mtftvxi>£<, ^ltr" n r 12 k^ur 3 n^-^m^xu, 

n^y, C1-C20 T/U^jVit^ma-iCt -C10 7;^/V-?:LT± «9 0jg(CfiCi 
-C«7;v^), Ci-C.^oT/^K C(Y = )r\ C(Y=)NRr'(I 
r-CR 6 -R 7 {iW_b-C^^tirVNSii«9-Cfc5), COC1, OH^jgfCfiR 1 
"nr" fci^R 13 cDlofcitjaSOH-CfcSh CN, C 2 -C 20 T/K5^— 
< \ZT/l>*~fr(#i-mK}*C2 -C. W^tt< I47VI"*~/K ttt £ 9 

Jst±-eSH*tb*CV>5ii?)-C&0, * Lt7^=;Hl 1 - 2flO C. - C. 7/> 

^yv»*3 it^/t) u< o y m mx. urn r s v >r t * 

mcCi-CTjU^^-iy, 7U-^ Arn^ij/K C (= Y) R* (r ^rR* 

K^Jirj£i*&*Lrv^»»> rfe5), c(=y)nr'r' (rrtRfciWii 
w±r^a^nrv>5ii«9 rfcs)> tf-^v'^/v&.fctf^ 0 -^^j: o tezm 
^e»wistb5 1 -3i@^($f3S^{ii^o)«msr«m^nrv^5fc*, r u 

, R 2 *3j;t/R 13 W2^£9#v^<mHTi:i&v^#jg(;i«:R U % R 12 *3J:t>* 

13 

R 

<k \) #V n t> <D fiH V >) ] 

Brmti M^J J; 9 ( 1 ) ®v ^S^aftSa «fc ^ ( 2 ) M v ^ 

r 2 &£tir 3 ©lo^Mbrji^sns^tt, r^7vSfi$ej{-^±r^ 
**£;h/rv^xarcilifc£ftrv>rt>J:v\ > ^nsk, W^J&&#aMx*fctt:* 
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— MV5.2, 2-lfX(AO^ -1, 3 - 7°n^^(Mx.f^> 2, 2- t' ^. n 

n^f^-l, 3-v^ n n^nX^, 2, 2- If X n^-y ^vV) -1, 
^n^V)T*feO, ^LT^jl^^lfiR 11 , r" teXXFR 3 W 1 o3S 1 - 5 <@<7D 

^irU-CXS(Mx.(^ a, a' - v^n^E-dr^^ ^If-^* ( a - ^ n n £ 
felt a - Zf n * ^;V) — OH ^T?|»g| £ lit V ^ k <£ V \ 

5 K(Mx.li, R n =Ph, R 12 =CHa, R 13 =H*3j;r>*X = Cl*fc{iBr), ^ 
nn/ft/W^ 23^^5(1, 2 - ? n n MJ /K 2-^n-d-Ce- 
^/wK^(0ll^^2-^nn7 o nt o ^-^ > 2 -^a^n fc°^-^ % 2-^ 

Hx (CH 2 Y') y Y' «Cl*^(^Br-Cfei9, x+y= 6 33«fctf= _> 1 

2-^n^E-7 p n fc^^^^/K 2 -^n^ yg&^c^vK 
a, a' -^no^vy, a , a ' - ^ n^v'l^&i T>*^3r-y-3r* ( a - 

n+ 1+ 2+ 2+ 3+ 2+ 3+ 2+ 3+ 

Mt {4Cu , Cu > Fe , Fe % Ru , Ru > Cr , Cr % 

Mo\ 

+ 2+ 3+ 2+ 3+ 3+ 4+ + 2+ 2+ 3+ 

Mo , Mo , Mo N W N W , Rh , Rh x Co N Co x Re , Re 

0 + 3+ 4+ 2+ 3+ + 2+ + 2+ + 

„ Ni Ni „ Mn , Mn , V % V , Zn , Zn , Au , Au , Ag }3 
itFAg 2 ' £ «9 ftSH^ibiltR-rS:: x' C:-C«-T^=i 

(SO.)w , (POOw , (HPO.)w > (H2PO4), hV79~-h, ^ 
^rt7;^n*^7x- K y. * >^V/}^— K T y — /VX/Vtf;^— h (#fjg 
^(4^<Vif ^^.7^^— b^fdtt h/W^V^/V^^— h), SeR" , CN*5it^ 
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R ,B -Z-R" 
R'^Z-CR'^-Z^-R" 

R 16 teXXFR." (^ISrbTH, Ci-C 2 « T/^^/K 7!J-;K ^tp^U^ 

/wT3:y N c(=y)r\ c(=y)r 6 r&xxFyc (=y)r" J: 9 ftSifr^ibS 

|R£*X> ^^-CY, r\ r\ R ? *5j;rjtR 8 {i^_b-e^g|^tl,-CV^a i 9-C$?5 
ZfiO, S % Nr" ^fd^PR 19 -Cfc9, '*-CR 19 fiR 16 ^it^R 1 ' £ |5j CP 

^or" fi^ur#^(DZ(cM-t-^*^*t^ifi^4«(^!i^(^ i,2-Ba 

^f£*K:fc5£ oteCz -Cs PT/^y-^/K ^-c.-^nT/^y 
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H Lt^ £ ft T v ^ 5 ^il ©fife fc#3r*t£- ( r. ft fc «-S^-a-c fcoT 

CH 2 ^fc(iR 16 joit^/^fcfiR 1 ' fc<t^$ftfc4- 7A<&arC*>*- 

b&~?%z> 0 mmztiL^m&mmwfcn, ^!)v?y, t-t°n-/K 1,10-7 
^^h^y^ ^y^^^K, ^9i>>-^— r^^s^^ftSo 
z^pr" T?*><5»#fci4, r 19 «Cj-c 2 o -r/va^-c&Siifc-ets 

o 

SfcKflfrPfc tttttL, %M<DZW&\ -6ffl<D(»ji^tti -4i^n^ 
yg^, Ci -C 6 T/^^r/VS, C> -CeTWa^S'lK C.-C7;^^^ 

m^ftfcCi -CeT^^/vr-ffm^ftrv^-r^ J;v\ 

20 21 5 

^m^m-f^mm^m-r^KDm^K^ ssr r c<c(=y)r m 

5 20 21 

Y*3J:r/R {i^±T^£ftT^5i§<9-cfc«9, ^LTR *5iT^R 
co^^^irbTH, ^n^y, C1-C20 T/^/K 7y-;H3±t;^fnV 

20 21 

nr/V^g|^fc(i7Km^^ftfc(-r^^ib, 3g7c£ftfc, ^-^=#^^fcM 
^^-^rftib^V^-fft^ 1 - 5f@cD-eL-C$fjii^(il - 3m<VCi -C*Tsl>*c 



20 21 
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if ^y^7^ y*j±^n if 1/^7 ^ y ; nmt *>mm& tcft&m 

S{-bfc$fjS^ia^(-(4> >-(rtUil -6^<^C, -C<TjV*;vm [ 

ft vxmr.<D i/t n ^ $^=/HEifi^?- i m& ts fix v h i v ^) -e«m £ ft 
^-ctt&£*Lfcfc°y t?^iR*3j:u«tr t°y f^-rn^ y^j k 

MLT|a*fe^ftTVN^il l 9-CfeS), T-ferh=hy^K (r" 0),P, PR° 3> 

t°y i^vm*5J:^(R 10 o) s p-efc5„ 
> £ 9#jlf-te_>90%) o lot, w^iwimo" 4 -1M, $fjg^(iio 3 -10 

l M-Cfe^ 0 -T^^)^, M^Jfi^ft^t-SILTlo" 4 :l-l(f :l % 0jg^«lO 
3 : 1 - 5 Xio" 2 : 1 <D*;vycX*ftfctZ> r t /5*-?# 5„ 0. 1- 1 MO|B^jai*/5 s 
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© i^; ©-CJb 5 ^, 0.0001:1 -10:1 , 
f*0. 1:1-5 :1, <fc 9£fiIi-W:0>3: 1-2: 1, -tb"C*t>/ffii^l40.9: 1-1. 

^0.001: lg*ofiSfcft5± ^^ai^JR^it^BEfiC^oaiS^^^-erS 

o 

ramie, mmkm4k&mmi-zmfo*<n*fr%i&te-&fib\ztemftisfr^ 1 

# SM-tZ X&*> b mift^«i^^m«mBtta*Jb«. 
tf>gBM#tf>!&tf*fc>a»£o ) Efl^oitt (a) a^JRte^4fe±©IBteSfWW (b) 

Effi^as^jai-a-efc^^E^-ia^Jtiso. 1: 1 -100: 1 , #amrio.2: 1-10 

:l, i«9 03i{ef4O.5: 1-3: 1, ^ LT*t$f 3S{d«0. 8: - 2 : 1 t ft 5 «fc 5 
tiL*<D$m t (a) o T*5 15 J0>O (b) ^iSfflft 5^ £ ft/j: V \ 

Tivjji/M, l -3fl!<£>Ci -c* T/i^/v&^tt&£*L-CV^-ck£i^c 5 -c* v- 
ilco 2 , v^-rn^H-ct F-cit^i^nrv^-ct iv^c, -C4 r/v;*/ £0 a* 

22 23 22 23 

jg-f S^w-^^g^^R OR [5£<f, R *5«fcT/R fD#*{33S3:LT 

22 23 

22 23 

T/is=t3c^^frx&Z) 0 ^f-)v-?xi\?)v=-—7-)v^ 
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£ ^*#:_hO lotL< ftltffll (R 1 - R 4 ) t <DRfe1£<DMfQ, Mt>*(C ( 2 ) fl: 
^i^, ^ntfi/y, tttffcif^;fc^)^;fcS#^<M*tf* r" 

, R 12 *sJ;tfR 13 *sc. -c.r/w^i)5i^)iii4, ^n^ftr/i^/HM 

K[C(=O)NR 6 R 7 ]^^t?fc5)^<t'9^'fb$n^ 0 W^J*5«ttJ« 

?i?%Mztti-zxm<nj£&&£Tfi/?it£nte&mm£ 9 1,000^ _h3g< &s 
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tpxmmx%z> a m^n-78° 5,200° , mm^±o° a>s>i6o° , tuttt 

^jgfcteso" frt>uo° xmmxzz> 0 £Mo%(# 

t &9o%) &m&mz&ikit&z<o\z+ftt£&£<Dftmzt>it *> mm-r^xh 
5 0 j&^ift^te, RiiSffWWtts, 6 4>^e,5Hiw, 03S(-«3o^ra^^3 aim, 

V ( f A I B Nj N jMMHfe, Mittfiiift^^^/KBPO), Sfctt^Ao*- 

I-I -* 21- 
I +Mt" +1 Xn ^ I-X+M.*X.-. 

I +M -» I-M 
[ — M' + Mi**'X> ^* I-M-X + M."X»-> 

I-M+nM — I-M„-r 
I-M. + .- + M.° +, X. I-M» + .-X + Mt"X--. 

D£<p, r 1 j (iw^J-efe «9 , Mt " x«-» tt&»&llfc6*r?s> «9 , Mfi^Jk^-C 

^CDJ AT R P 

*^S«^TUfe«tJi. £j£Lfc*^#«:lWIN-<5. **&»¥«taPSSfl4fE 



(33) 0-5 0 9 4 7 5 

— tt<lirtl(-ilLtfiPLEXIGLAS W Lt^^TV^PM 

pst-PA-pstMj^n y ?&m&mte#m tm^w&^y* h 

;Lfc£, PMMA - PA - PMMA) ttfffl^iT ^ V JV^m^Wfe*-? * 

-t*&5o (*?)t? y hMtexxfi/^tmr? y h y/w 



(34) 10-509475 

x?-m&mz#mteftffi&&(mm&fcx*hz> 0 (Mid styrolux' 

&$£W<D 000—500, 000g/moU £fjl^te2, 000~250, OOOg/mol 

, ^bTi; D03ii^«3,OOO~2OO,OOOg/mol(Z)^5pi^^*^WU-CV>-riV\ 

^t?$si5t ^s^tii ^cTO^fifii, ooo, ooo£ xxh o r «fc v > (S/hite 

j: 9 mutt* -ttfxz. mvtMitiMtf i u< nwim<D&m;m>tb<DmM 

o 

nzk, m^mr.<DmM^m^xmr.(DM^mm^n^^m^±^ j m~ 



(35) 10-509475 

KJSK3ewifc»3e**L*t>©"ef4*v\ )*;Mfc, #y y n = h y jv^h. 

R » RJaR i3 C _ (M l ) P - (M 1 ),- X 
R ,l R ,a R' s C - (M')p- (M*),- (M 8 K- X 
R ,l R"R ,S C - (M')»— (M a ), - (M 8 ) r - ... - (M«).X 

K^, r" , R 12 , R 13 *5«tt>*X{i^±T^a$tLTV^ii>9-efei9, m\ 

000-250, ooog/^/u-c*) 5 i 5\z.m&VxmVl&ti, M^t£(Mto<D& 



(36) 1 0-50 94 

X-(M a ),-(M , ),-(R ,1 R ,a R ia C)-(M i ),-<M a ),-X 
X-(M s ),-(M a ),-(M 1 )..-(R ,, R"R' s C)-(M , ).-(M 3 ),-(M s > r -X 
X-(M»)....-<M»),-(M a ),-(M , )»-(R"R l8 R 1 *C)-(M , ),-(M 1 ),- 
(M s ),-...-(VP).-X 

r" , R*\ R 13 , X, m\ m\ m\ ...m"*"?, *3«fctfp,q,r\ ...s 

1 1 «B t> b < (4 2 m S If o fcflE&g (Mx.(lv l, l-i?7 5 

Ki[-wt* Y t±Sl±T*^m £ tlX V > 3 «£ 5 ft N R 8 X fc 5 ] ft if) fc^Tf 3 aMr 

m-a-ffsricflcw**^ =t 5 Wat- 5 - 1 ttmrnxh z ^ t uxft v * 9 

R"R ,2 R"C-(M 1 -M 2 ),-(M a -M 1 ).-{M 1 -M 8 )r-...-(M v -M').-X 

(R ,I R l2 R ia C)-[(M , -M a ) e -(M a -M , ).-(M l -M a ) r -...-(M , '-M').-X 

K<f» v R n > R 12 , R 13 *3it/X«_h|SO^n y^^a^tcHbT^^n 

fg£*Vt^5iI \> <D) m*fcX*fo 9 > LTm" fW *5 «fc TIM <D—JjX&> 19 -t L 



(37) 10-509475 
W5^*r±l, 000-1, 000, OOOg/^r/K 0jt^{i2, 000-250, 000. ^VXXV 

ftMlzm, 000-150, ooog/^e/p-efcs J: 5 fcafcSfcUT»R£*i'5o ( 1 )*HH-*£ 
< t 1 : 5 , J: 9 ^il^tt^fr < t> 1 : 8 , * LTftfc0jgiai4>fc < 

tti :io-e&5 0 ro5 v^#l^iir©/D y^Sl^ov^f ixi^ 

R l R s 

\ / 

c = c 

/ \ 

R» R 4 



[s£*K R'*5«J;rjtR 2 ^^^< £fc loftCN, CF\ £UMfc4 -20 

4-10, J: «5 0iilC(i4-8)<Oii:«(^t b< fi^^OT/Wdr/K Cs-Ca 

'^n7;W ^fn^y;K C(=Y)r\ C(=Y)Nr'r 

YC(=Y)R , ffc!) > rr-e7D-;K ^^nv^JJ/K r\ r\ r'*3 

R I *3«trj:R 3 ^ijit^bT^;C(=0)-Y-C(=0)£DSSr^b > m?Y(±^ 



(38) 10-509475 
<R"' R ia ' R>" O-UWU-Xh 

(R ll/ R ,a ' R'»' C)-[(M')p-(M 8 ).-(M»).-X]. 
(R i,y R4a / R1 ,/ cj-KM^-M'WM 3 ),-.. .-(M').-X]. 

, R 1 ' ' , R n ' *5±TJ*R 13 ' liR 1 ' % R 12 fSXTfiR* kmCX&Zfim 
L&ftk L-XR 1 ' , R 12 ' *5it^R 13 ' tt£«rC2-5«©X«$rM"L-C*5 

*«K^^^-(*)S^^$8atr5^^ffl^3ii-S9HMMtt, r" R 12 R 

13 caiis(^jh-c3tnsix-cv^saoo) rxj -cfcsr ias-e#5/>&< thzm 
<nm&&*#-tZh<nX'bZ 0 &m\zn. r*u rxj tm— cfcSo 
^cDi 5 fclHtefllOMKira:* nn^M, [£JUua»fe©ff AW^fi 

-^StL*. ro^'T7 , ©Sfl«;M^{±2 ) 2- fc* * a n p< ^/V) -1, 3- *?9 
uu^us*^, 2,2-t^(ya ; e^f/l/)-l ) 3-^n^o^y) > a, a', a 

(4 * fcig^ltt A T R P J; 9 «3ft $ ft * ^ 9 7 b * Ji rfc^fc-frj 

*«^frt>^i-6o *rft#u f-© at r p Hi ►) $i<*©/>^ < 1 1 1 «^ 

£JLhw rxj ScDSEifelciJ; OM^tiSR 1 -R* (#)M^S:«3ft 
-T5o 0jtlwttr«©illftSt±Cl*ytW:Brt?fc5o *rftiifc, £?iSft¥4#WMl- 
(i^bbf^K l-iL<li2-^nn7'a/> , y, ^t'^/K 1, l-fc L< fil 



(39) 1 0-5094 

, d n - f fcli^/n* if h y^nn-^L<ttMJ7'n^xf> 

^-^s^s¥*^cD®^^^!jx.^i : 1-9:1 <Dm-<DmmftMm~(Dm 

R ,, R 18 R ,3 C-(M 1 aM 3 b)-<M 1 oM 3 -)-(M'.M 3 f )-...(M 1 i M 8 h)-(M 1 1 M» 1 )-X 

des*. r" „ R 12 , r 13 &£Tfixnsx±x-zfu>y?&m&mzMvxmm£ti 

TV>-5ilt) * tta v b, c, d, e. f, . . . g*5 iT>*h^-C(ia+b=c + d=100 

-Cfcl9^bT(e+f), (g+h)*5i-O«(i + j)0DV^n*^:f4^T = 100SfcW:O-C 
£>5 X 5 tuiiLtlll^tlSAT^^Ict'fc "9 , w n T-a:bJtttlOO: 0 - 0 :10 
O-CfcO, c:dJfcf*c<a*3j:tM>bT&* £ 5*95: 5 - 5 :95 (^3®^(490: 10-10 
:90)-Cfc<9 , J tUraiffl"Br«Ja:fce:flfcf±e<c*3j;t/f>d"T?&5«t 5*90:10-10 
:90($fjt(^(±80:20-20:80)-Cfe9, *LT^o»^«ft, l^ny^^W 

^^fctiitiPbTt) «t< > •5rOyt*e:fifcf4e^ci3«kTJ ? f=? ! =dt?fc5 i 5*5 :95- 
95: 5 (^jg{C(ilO:90-90:10)T-fct) % •£ UTi : jtei*e*5«fc 0<j*f t?fc5 <t 5 * 
0 : 100-100: 0"efc5] 



(40) 10-509475 

ny?ti>tb'J>tj:< bt>10%(MZ.t£. c=a±10*5«ttA>=d±10)^(t % 

ft< 20% felt, J.oft^50%*T?^i&i-S 0 BUroflSHS-Cfi, JR-aaJ:***- 

^fcfiTir^u^^^^-rsnms^^ri-s^^fi, atrp z&m uti 
ry t^^j m)m&ftmmnxiLi£tix' zammt l-c^^w:— o<oib«-c 

frS:llCSM£fflbTt>J:<*fcW:«36*rt*§^ MUCH* SJSffiWW^(R I 



(41) 1 0-5094 7 5 

--m&-Gfflmtm(w*.t£* cooh, oh, NOa&^ssr^r-rs 

I, CN, C O s R) lrt©ttlSl^l^^*5 ^ i ii^t 5 CI 

«t-c«u at r p mat vx&w-rzm* <Ds<? * -?-&m%-tztc#>(D 

Cu(I)X' /Bpy(r:tX = X' = Cl£^Br^fc5)£jffl^:b£ftfc# 
J: 9 ^#/M$K:fi^ *Tl!gft ^ittroJW^IE^ *?-*itV&& (ATRP)I© 
W£H^3$t#f&-£*.3fc«>fcAT R P tp(DU* <Ds<? ^-^-©J^f^Tf 



(42) #S¥ 1 0-5 094 

ntzcux' (nj£&T-?mi££titix?-^^te£.xf(?i ?)t? v hamate 

T?«ri -PEClj), ftfel&i: fCl^IOCu(I)Cl, ZVXmtiL^k^X 

3 ^v^*cd2, 2' - tfey^y(Km fBpyj ) (M^fe x.xmm.i-<on^<D^ 
HW7^;H^(ATRP)^f!j trv^j ^■ss:-ei30 c C(c*3v>TjifT-f-s o 

m„ >io 5 ) (D^man^W^^-^o 



(43) 
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(44) 10-509475 
3 tt 1 - P E C 1 *m V ^ C u (I) C 1 ( 1 £ *) *3 J: X* B py ( 3 ^ 4) (D^T^m^ 

£Mtn(fC\z.&ttz > T? y /HM 77K rMAj )»^S^»^^Sr^UTV^ 
1 : 

Mn=(A[M]/[R-X].)X(MW)o (1) 

[R-X].lil-PEC1©WI^U ^LT(MW)ot4MA<Z)^fi:^* 
-f] 

^£9tf3^ft5Jl!&ift#^*M.,tH £-£iW-5(El5) 0 rftibcD^*^ l- 

S^^^ne>^#^UTt#^^v> 0 rilf,»g*©iffli, MAOATR P 

£ l£> MA<D-Hg<£>i&#tA T R P O^i^/M^J^-^it [M A]» / [ 

1-PEC1]„, *5 £U*3 / 1 / 1 <D—&<Dmfo*/tem/M%lM*^it&m^ 

-rl30 < t:^c*5v^-cll^feufc: o b e {4Hito8$^f*M*«: t> ffW^n 

fcs^^SM„.th t <z>f@siii#£^-n i. 5xio 3 -l. 35xio 6 m^f-mmm 

$jSp£^LTV^5 Q ^f)©^fttl:l:3 1 - P E CI: CuCl: BpySr/BWT 

^IfLfc, m 7 (iWM^i at2-^PP^o t°^-= h y ywSrffiffi u-c 1 
*(DCuCl&£XF3*^*<DBpy<Dft&TXl30X:\Z&\,^XMM£1rLfrP St<D 
'h NMRX^^ h;Hr*^LTV^ 6 4. 2-4. 4ppmfc:}3tt3 2oCfi®l£V^ 



(45) 10-509475 
i7^©0. 85*3 «k U*0. 96ppm{^*3ft S 2 oO&JtDifigWiSl^te^gdtf) 2 
« CD (m*5 £ tfr) £ * L- T V > 5 0 

^*rfflv>T#JM*K:jftl^bS;h,fcr: t^ttsr ir^-C#5 e Sfcfc, i.2p 

pm~ 2. 5ppm^*5ttS^ U *^>'jS$(<£>'fr}#if»06. 5ppm~7. 3ppm^*5lt5 7 * 
&ft3fc<0£l*l«fc$> J f'*(M*Mi ~2000*i-M„.sEc ~2100) 2-^n 

i^^^^A/n^wi^tm at r p * ^ < 

#!J (^^VW*** y V— hK PMMA N ©^^fv'f^-^C = Ol*3j;y 
IMAR**!*^" C NMRtW:a-^f;Hco'H NMRi>fcSHUfc. 7 
7.2ppm^fc}t5CDCl3(D^t 0 -^(C^-LT. C = OS*5 4|R^*^ 
CD 3 C NMR*R&tr j en-^Hl75-179ppm*3 < tT>*44-46. Sppm^^-^fa^i-S 

13 

C{f-^-CD3f^fiPeat and Reynolds^T?HifeU7t (Bamford, Reactivity 
, Mechanism and Structure in Polymer Chemistry, Jenkins, A. D. and 
Ledwith, A., eds, John Wiley & Sons, London(1974), p. 52; teXTf 
Peat et al, Tetrahedron Lett., 1972, 14, 1359£r#$0 o 

HI 8 Ate, 100t:(CioV>-C 1 / 1 / 3 (B-^Wfctf) 2--fn^4 yg&$^ ^vK f 
2-MiB Brj h CuBr*5 J; T>*Bpy£M£JE L-T$&c££*L7i PMMAWC = OS*3 
j;l/^4«milW 3 C NMR^LT*3 9, •tU0 8Bli*Att«:?^ 
tf/l'HMMlU A I BNSr^fflbT3Kit^tL7tPMMAWC = OS*3j;tJ«^4jK^ 

HUSIfc, 5<B<DBE?!l3:-m, fiSRtfAI BNSfcttBPOO$Pt*«7^ 
/HMWW*5 «t 1>H* COATRPMM L TgtSt £ fl 5 P MM A 

mmmft^mcm.f£&mirz(&T<Dm2&&m<nzk)o se>{^ atrpiu 



(46) 



10-509475 



5-efc5 0 £fte><z>*t*W\ r<DCu(l)x' "t?ttl«^ffl«r*tt*«#*iJ:t)«fl6* 
n& & flit B us s nH^s^-f- 5 9 i?#A<mfc*s «k t>*C u (I) -Ctti£f£fl! Srg: ft 5 

ttBPfte^ai<b-C**$ixyt*§*t— &i-*((a)Bellus, D. Pure & Appl. 
Chem. 1985, 57, 1827; (b) Nagashima, H. ; Ozaki, N. ; I shii, M. ; Se 
ki, K. ; Washiyama, M. ; I toh, K. J . Org. Chem. 1993, 58, 464 ; (c) 
Udding, J . H. ; Tuijp, K. J . M. ; van Zanden, M. N. A. ; Hiemstra, H 
. ; Speckamp. W. N. J. Org. Chem. 1994, 59, 1993; (c) Seijas et al, 
Tetrahedron, 1992, 48(9), 16372r#flS) 0 

TJV*c;vm. Cu(I)Cl(lmol^*)*3«J;U«Bpy(3mol^*)Sr-€:n j enilB^rlJ, 
, COOR, &£Tf/&tcteTV—jHPh']<D4&<D2mh U< n^tlSi±<D^n 
iMt^ifi, M. /M. ^1.25—1. 5] Sr#>t6)o 
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(48) 10-509475 

(BDE)lc:{S3tWfcB83t§iir5nriH4S:^L^:o 09*.fiC4H9 ClS.t>*CH 2 CL 
^$D#i^V>BDE?rWt"^>M^J(Wang et al, Macromolecules, 1993, 26, 5 
89 4 3o«J:'0*Baumgarten et al, Macromolecules, 191, 24, 353&r#flg<£>- 

KBBLTtt, HI#fc(W*>feCu(i) ci^o^b^M^te^ft^v^m-^^-a-^ 

W^A^C-Cl^^i^BDE^^^^rCilEcOWang et al*5j;^Baum garte 
n et al), t VXmmmtt&lZ £ 5 ^7^;W^4^^tlo^«) t 
ftoT, St<75ATRP^*5(t5iKV^MMM^*3it>*^V>MWD^#bilS 0 



(49) 10-509475 
CuCI(lmol^a:)*iJ;i>*Bpy (3niol^ *) <D#^ET^W 

m * <o m thm&m v i^atrp* 



maim 


L i n, jo 
<10 a M) 




Ma, SEC 


Mw/M. 


- 


- 


- 


134,700 


1.95 


C 4 H f Cl 


0.082 


10,000 


111,500 


1.75 


CH a Cl, 


0.083 


9,700 


129,000 


2.20 H 


CHC1 3 


0.040 


20,500 


21,900 


1.45 I 


CC1 4 


0.047 


17,600 


15,500 


1.30 1 


CHjCH<Cl)CM 


0.037 


22,300 


22,400 


1.35 


CH 3 CH(C1)CM 


0.35 


2,280 


2,100 


1.25 


CH,CH(Cl)COOC 3 H s 

1 


0.038 


21, 50O 


20,000 


1.45 


CH,CH{Cl)COOC 2 H s 


0.65 


1, 210 


1,290 


1.35 


C,H f CH a Cl 


0.075 


U,0OO 


10,600 


1.45 1 


ClCH a C # H,CH 2 Cl 


0.12 


6,890 


6, 600 


145 1 



M X. tfM A*3 i UtMM A <DtU # fa<D)g.*fc<D A T R P \Z H U X h 11 

Hi r t £ r r -cmflS-r-<# xh z B 

M„-X' Oj^# 0 |2I9«[^CM^J^1 -PEC l/CuCl/Bpy(l/l/3 



(50) 10-509475 

app 

ft s mMi&&mm& x u^s 9 ^ <anut** c p • ] « & -^n^en^ ( 5 ) *s ± 

R,= -d[M]/dt = k,X[M]X[P].t (2) 

-d[M]/dt = k B - x [M]X [P ].t=k B '"X[M](3> 

ln([M]o/[M])=k/ , " , Xt (4) 
Ln(k») = ln(A B )-(Ep/RT) (5) 
[P ].. = k.*"/k.- <6) 

*4I41-PEC l/CuCl/Bpy(l/l/3)£^T130 < C{;i:fcV^-C|§S£& 



(51) 10-509475 

l-PECl/CuCl/Bpy<l/l/3)£fflV>T130*:tc:^TlJn^£*Vfr 
St, MA*5J;t5MMA<0#l!KATRPt;:*J»t5 





MA 


MMA 


St | 


£l-PECl] fl 

(lDOl/1) 


0.038 


0.038 


O.038 


[M] 0 (mol/1) 


11.1 


9.36 


8.7 


kp- f 130°C 
1 (10 1 i*ol/l s l ) 


14. r 


3. 17 6 


6.87 c 


kj™, 130°C 
(io 4 a 1 ) 


3.14 


5.83 


1.35 


CP") 
(lO* 7 M) 


0.22 


1.84 


0.19 



■ : In k P .MA^ 18.42- (3574/Th Odlan, G. Principles of Polymerization, 
Wiley-Internscience, New York, 1991 ; 

14.685— (2669/T), Hutchinson et si, Macromolecules, 1993, 26, 

6410 <£r#HH; 

• : In k.. st= 16.786- (3204/T), ±.&<D Hutchinson ct si £#flR 0 

„-x' *<Dfa&ftM&£vfa&£m<D&m&5i»!k~fziz&. Mix' 

o 

tf> «#?£«/ CuX' /Bpy^iT^PCM^^^/^fcS^n fc°^V^^^ 



(52) 10-509475 

= X' =Cl(rci ATRPJ >-C&3B#l£|iX = X / = Br(fBr AT R Pj ) "CJjb 

CI ATRPHi U#e>ixS^Cfc«-a'ft:®#5M»f4— ittW^ttBr 
ATRPti 9*SW09;t.tf, 1. 15-1. 35m. 30-1. 50(D 

Mw/Mn, Bll0*5«ttMl^#^) o 



#5 

«^wia«tc*J(t5ATRprc>Ki*^i^-t-5»i|lta<oJK»* 





T,°C 


ATRP 






CP°] 


MMA 


80 


CI ATRP 


- 1.71 


1.24 


13.8 






Br atrp 


- ?,5? 


1.24 




MX 


80 


CI ATRP 


b 


4.01 








Br ATRP 


- 1.28 


4.01 


3.1? 




100 


CI ATRP 


1.45 


6.89 


2.10 






B?r ATRP 


3t47 




5.02 


St 


80 


CI ATRP 


b 


2.23 








Br ATRP 


- 1.45 


2,23 


G,5Q 



* l-PECl*}iO«l-PEBr*S-€:ix-enci*> < ttJ«BrATRPffiroBHi6SlJi:U'C 

[1 -PEX]o=0. lM*}«tt?[l -PEX] 0 /[CuX]o/[Bpy] 6 = l/l/3Tffiffl^tufc; 

Jf - X/CuX/Bpyfptf>j&#««cD 

k»*"=d(In[M])/dt=k[RX]o*x [CuXV x [Bpy]o* (7) 



(S3) 10-509475 
ln(k B " e )=ln(k)+xla(CRX]o)+yln([CuX3 0 )+zln<tBpy]o) (8) 

app 

SM£-C<O130 , Clc:*3tt5St ATRP^gai-51n(kp )*ftn([ 1-PEC1].) 
, n(kp W )*Un([CuCl].h Uimn(kp' W )*frln([Bpy]. O^n y M*I2|12A 
-C^$tlTV>5 0 i*L&©^97"C««|*ix*«^W:-tn"'e*L[l -PEC1 

[CuCl] 0> M[Bpy].titt^l, 0.4S.t>*0.6-CfeS o M^JCl-P 
ECl].f 

^*N-*[CuCl].<7)#|fcfc5JK#tt/j;v>J: 5"C*>.5. Hl&ltl -PECl^Blf 
ao.3*/vs*<0Cuci<Bfiq£T-c<>, H»^*m..sec ra^iftwtertsicon 
•c^t urm^^itJn b^e tts 1 M«t 9 #kft5«a&itt#^*u:i£tt< (mi 

3A) 0 IU«i3fe*§*H:MA^B8LrtllfenS(Bl5*3J:tJ«14)„ r2x<b<D3£JLte, 
A T R P -Ctt: CuX aSftWfcfc tt^ffl b-^r b-Cftfc!£*0 Bpy £ «Nb £ frfc CuX <D 
mJQ& <DyFi%n& f» T? ffiltt A T R P &{JEit ^5© 5 S. £ £ 

M^7^/v#JBATRAi:tt#x.5rirm5. ts^JHttlKf^ 
ffl SrS»t 5 A T R Ad> b&g^ttttfftB ^SATRP ^OigjggftlE&lcM 
i-5^#^#fi, l^M^nyyfktiM, -x©»SrM«" It J: D3b*«jl-igtfc 
i:-efcs(iH2) 0 ro#^{iBpy^^r-ewcu(i)/ / cu(ii) k 

Hl&lt , A T R A*fe-Cjg# 5 BlllittO *> 5 tIof^M#iD«JR 
-M-X«r&0&V> L«*LfcJR*-C# 5 * It |4, ##Ste##l4 b WT b ff ( 1 ) 9 
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mmr;^ i/m& tan 3) 9 /mm- 1 \^x<Dmmt & frt-mm^ n y x 
xf^M-^M^mmmm<Dtj:^mmr^^m(Dm^mm-r^ ((a) Beiius, 

D. Pure & Appl. Chem. 1985, 57, 1827; (b) Nagashima, H. ; Ozaki, 
N. ; I shii, M. ; Seki, K. ; Washiyama, M. ; I toh, K. J. Org. Che 
m. 1993, 58, 464; (c)Udding, J . H. ; Tuijp, K. J . M. ; van Zanden, M 
. N. A. ; Hiemstra, H. ; Speckamp, W.N. J. Org. Chem. 1994, 59, 19 
93 ; (c) Seijas et al, Tetrahedron, 1992, 48(9), 1637 ; (d) Nagashima, H 
. ; Wakamatsu, H. ; Ozaki, N. ; 

I shii, T. ; Watanabe, M. ; Tajima, T. ; I toh, K. J . Org. Chem. 1 
992, 57, 1682; (e) Hayes, T. K. ; Villani, R. ; Weinreb, S.M. J. Am 
. Chem. Soc. 1988, 110, 5533 ; (f) Hirao et al, Syn. Lett., 1990, 217 

; *3it) ? (g)Hirao et al, J. Synth. Org. Chem. (Japan), 1994, 52(3) 
, 197 ; (h) I qbal, J; Bhatia, B. ; Nayyar, N. K. Chem. Rev., 94, 51 
9(1994) &mm) 0 *r<D£ote0ki*TX\ M^JMMt" tC^LTR-M-XfiR 
-Y«fc 9 {iS^^S^^±^/J^$v^fc^6(EI 1), -7 y-^v^^R-MO^tta-b 

mx-ft. Bpy, P (OEt) 3 )M CuX)<Dmffim& 
Wb^R-M„-X^^^^^*^ttS^llt^(E^$**-^^-C#S(l§l 

2) D in^, am^s^-cv^ ± mt^M^^m^tcit^^Mitm 

W&gCQ V ^ *L^CD#:fe/5Sj&g: P S t*5 i t)« P MMAli *F ^ Hfl^f y *JJj ;VR • & 
ATRP/m~teWJ-?fc5(^5) 0 HI&KteU #<<Z>ATRA*£t>if*><b/^VN 

5 ^i«m^ffli-So 
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RuCL (P Ph, ) s liT/^yiC^t 5 C C L Of tTO 

mtm^m-r^^-tt^hfhx^fzo rxAsa-cteu RucMPPh s ),as6o < c 

l^*3V^T^ ?-JVT;V% ^ tf * (2, 4- v'-tert-^^/V^ ^ 7 ^ ^ K) OT^fe 
T"Cf!l^I^v ? ^^M'n'^r^^^^:fc(Sawamoto et al, Macromolecules, 195,2 

s, i72i) 0 isfrvfttftb. *mw%-\z&^m&m.m(M*n^ i3o £ o^*5^-c, 

#<©7 v^/M^M^ * f/W7^ ^ = A fx (2, 4- v'-tert 

-•z?*f-)V7^; K)^f:lito^oJ; 5 &?S^b#J W#£T-?AT R P £ 

tf>5fc#>tf>#l8:£ U-Ca^-ia^^(7^T/^5='>At^(2 ) 4-v ? -tert-^ 

, e 

9^*/HWP*tE(t#A 0 ATRPOttMUfcBB.L-T, la^LfcttftWrfckfc^ 
MfcfclW^ATRPas*^*©?^^ 

o 

tp 5 « omtitttr^ n y vfc T/i^/w R - X h £ 5 r. t «k 5 9 

^*^Mfr©^fet4XlR^|B|ft$*L"CV><5((a)Bellus, D. Pure & Appl 
. Chem. 1985, 57, 1827 ; (b) Nagashima, H. ; Ozaki, N. ; I shii, M. ; 
Seki, K. ; Washiyama, M. ; I toh, K. J. Org. Chem. 1993, 58, 464; 
(c)Udding, J . H. ; Tuijp, K. J . M. ; van Zanden, M. N. A. ; Hiemstra 
, H. ; Speckamp, W.N. J. Org. Chem. 1994, 59, 1993; (c) Seijas et 
al, Tetrahedron, 1992, 48(9), 1637 ; (d) Nagashima, H. ; Wakamatsu, H. ; 

Ozaki, N. ; I shii, T. ; Watanabe, M. ; Tajima, T. ; I toh, K. J . 
Org. Chem. 1992, 57, 1682 ; (e) Hayes, T. K. ; Villani, R. ; Weinreb 
, S.M. J. Am. Chem. Soc. 1988, 110, 5533 ; (f) Hirao et al, Syn. 
Lett., 1990, 217 ; *3 J; TJ« (g) H irao et al, J. Synth. Org. Chem. (Jap 
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an), 1994, 52(3), 197 ; (h) I qbal, J; Bhatia, B. ; Nayyar, N. K. Che 
m. Revl, 94, 519 (1994) 33 £ tFKochi, J . K. , Organometal lie Mechanisms 
and Catalysis, Academic Press, New York, 1978MW3ir £. K3\^^tl1t 

GUS-fiMoCCO./CHCl. , Cr(CO)« / /CCl4 > Cot (CO) 12 /CC1 
4, *3±tjeNi[P(OPh).]4/CCl4, & 1 ?V#/i>m&&18MmtZ>Z. khtob 
tl/TV^S (Bamford, Comprehensive Polymer Science, Allen, G. , Aggar 
wal, S.L., Russo, S . , eds. , Pergamon: Oxford, 1991, vol. 3, p. 123& 

mm) o rntrou k * m -cm tsntc m-g- 57y-7 ¥#ji><d 

tlfc(Bamford, Proc. Roy. Soc. , 1972, A, 326, 43l£r#BS) 0 

t> LtL^V>(±|E(^Curran et al, J. Org. Chem. J . Am. Chem. So 

c.) 0 

±i5^Beiius) 0 7V*^ttM<nm&\tt%^mtfy^*?^ikm/ 
6, tt cu (i) citm^m&mz x 9 n yy^M$t«7^ 

3 Srfflv>5^n^>'ga^te^(3a7cti^*) 9 Cu(lll)«2 Sr^fifeS (015) 
£ LTWBpy^iO^b^^CuXfc^^ffli-S^^T^^WS:^ 
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TIHO±5{-, l -PEC1/CuC1£J^T|JB*6£*l5 
$ & K: , 7i?* ^M*6#J *3 «fc Xm* <D mm/ C u X / B py 3* £ 

nzMMA<Dm&<Dftmk¥mz&i?zmum$t 2 ) A$fe(Bii6) 

ttili: Sr^btV>5 0 &JWE4fc?S?;&MBI17) tf*R - X/CuX/Bpy^ 
MtfI^^M0 2) o 7y-9^*/^mf*:©H-^f4, (l-PECldi 

1 - P EC1/ CuCl/Bpy(l / 1 /3) &JBV>T18fl*|W&rt 
^/KOflPfiEliHi-SSUroiaiH:, AT R P 7 y 

*>6(i-fcfc>*>, 100 < C^*3V>T2 -EiBBr/CuBr/Bpy-CM^^nfcATR 
PicHi-^r^ =0. 46/rst -0. 48 N :fcJ;rjt60t:K::&V>TB P 0"C|!H*6&*Lfc7 
v ? 7^/VM'S'^B@-f*2>rm =0. 46/rst =0. 58) B 



(58) 10-509475 

RCC1.+ M,"-»M,° +, Cl + RCCl a - 
RCCU' +M-»RCCl a M- 

RCCl 2 M a - + M — RCCl2M„ +1 - 

RCCI2M. -hRCCl a -»RCCl 9 M»Cl+RCCl» 

RCChMn- + M«" +, Cl-RCCUM»Cl + M«'' 

ATRPm f^^ny y^R-M. -XteftcifcHi L-CfrlM- 

n+l 

ATRPi ^ k y ^ * 7 -^^^x n -r— it^mmm^m^m-r 

^fiti^Ai-im&^mm^tixmunvti:^, ATRP^©^o^iii 
i»7^*;H^i^ft5S^ (a) ry ^^^jy^jiw^^^/vs-^o 

ATRPro»j;?)i<EftSlu|j:, ry t'v^j /mm^Vli ^n&\z.m-1r 

8-10 -1 -1 

fc*?^ kp~10 M .sec J; «9fiS^^C*VNi!£WJ^PS#(-r^^^, *«3kp 
~1(T m" .sec" X-ifiV^^-C^^it^/^fcftTO^-r^o ££>^, l±f 
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AW^9^*^M*^Joilv^5H¥(i-5&*?*>, k d ~lo" 4_< .sec" )<DH.#>\zMUi 
WSzwarc, Nature, 1956, 176, 1168) c ZtlWt, IE?£t£-f 5 Tcbb\^ $1* (4 

Mn' + D ^ Mn-D 

5 (it (12) *5 it)* (13) : 

R P =d(ln[M])/dt = kp[M]x [P ] (12) 

r.= -d[P ]/dt = k,x [pp (13) 

m» • ^^it«M„ -Dt coi!go-5r^^^m^#.3£-c*fea^^(^ m&mtem* 
£fttcm*te<Dmmttfo±&m<Dh<D<D&iz£v^&fcfrzztfc^ (^14), 

DP,= AtM]/tMn-D]=A[M]/[Il. (14) 

§£3^— i'f'S'CfcoT <£ V>^D (Otsu et al, Macromol. Chem, Rapid Comm 
un. , 1982, 127; Otsu et al, Macromolecules, 1992, 25, 5554; Bledzki e 
t al, Makromol. Chem, 1983, 184, 745; Druliner, Macromolecules, 1991 
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, 24, 6079; 7RH#^p^4, 581, 429-^-; *5 it^Georqes et al, Macromolecules 
, 1993, 26, 2987) > T/V^c/VTsV % ^ A^flc (Mardare et al, Macromolecu 
les, 1994, 27, 645), *5 J: tf#fc =» h -f U (Wayland, B. B. 

, Pszmik, G., Mukerjee, S. L., Fryd, M. J. Am. Chem. Soc. , 199 

4, 116, 7943) twMm^mmm^nit^m^mmz5u^^^h<D-vh^o ( 

ry if^^j ATRP<Diji^r^*3(-t5'l£ai«^S7v ? ^/^#^<D#g| 0 cu( 
I)/Cu(ll) u Ky**ifefcJ: ffil ^ti5 at R P 7 i^*^ t 

HUTJK-»ISJ^-C*>*(^13) 0 ffr^*-e-r-C»CfeJ;5{-, /fc^S^/na* 

*6{4, lSO'CKl^T 1 -PECl/CuCl/Bpy&fflV>TMM£*l,fcSt, 
MM A, *5j;l5MA©«tATR P^*3»t-590%^*{«E{fc*^B8*r5^«^ 

*fMffl*^#ii*Ws rue j Sr^LTv^o 

In([M]o/[M])=ln(10) =k,'"Xto.,o (15) 

[P],.o.,= R.Xto., (16) 

[P]..».o.»=R«...if Xto.» (17) 

ruCj=([P]..u.o..+ [Pk...)/ {[R-X]o+[P]..u. 0 ..+ [P3 a .c..] (18) 
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130tlC:i3V^l-PECl/CuCl/Bpy<l/l/3)^V^BH<6§n^: 
St, MMA, *3j;UfMAK>«l^ATRPfc*J»t-5 
4i*[P-],to..o, [P]..ir.o.., [Pi ».«*sJ:05rucj 





MA 


MMA 


St | 


[1-PEC1] 0 («Ol/l) 


0.038 


0.038 


0.038 | 


[M], (»ol/l) 


11.1 


9.38 


8.7 




14 , 100 


3170 


6870 1 




1.98 


0.31 


0.532 




3.14 


5.83 


1,35 




0.22 


1.84 


0.19 


t,. ift (s*M 


7300 


4000 


17100 


CPl*. fl .« UO* *ol/l> 


0,7 


4.20 


1.22 








1.7 




0.2 


1.1 


4.S 



' :&4$r#£3 1 : Odlan, G. Principles of Ploymerization, Wiley-Intersrience. 
John Wiley & Sowt, New York, lOTli^tf)^— In k,j<*=23.43-<2671/ T>, 
lnk«.miA =18.5 -(1432/ T), In k.*=17.47-<962/ T) 

*6^c£*VCV^£ 51^ 90%#*^^-Cfl, 1-PECl/CuCl/ 
Bpy(l/l/ / 3)^130t:{C*3V>-rM^J^^ St, MMA 

% fcit;MA©ATRP ■en*Mfflm&fc&m<vWkm ru cj 3 %£ 0 ^ 

, MAOATRP|j:StfciU!MMAOATRPj:^M|lJ^5 0 Zflte 
M A <D A T R P td*5 ft 6 jfcg: 9 v 5 * /KBJfctfcWffiV i 5 * <£> «fc 9 T? 5 

(*6) 0 

AT R P T*0{gV^#f6[tf)^g^*3tt § R -Mn-XiR-M„-£ <nm<DM& 
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0^5>«tfi^^3i«^^ii«OJt^^:# < t v> 5SEft^fe5 (Ma 

tyjaszewski, K. Polym. Prep. (Am. Chem. Soc. Polym. Chem. Dlv. ) 
, 1995, 36(1), 541) 0 M^t*fi> #< <Dm&&WM*7 i?% J^m&lZ&tf 
m^£MMM^iti±nMMt UTtefflTt3££ t>ij*£;h/CV^(Bainford, Comp 
rehensive Polymer Science, Allen, G. , Aggarwal, S.L., Russo, S. 
, eds. , Pergamon: Oxford, 1991, p. 1) D WAtf, ( 1 ) P St-fcit^CuClj 
h ( 2 ) P MM A • «fc tfC uC 1. t <DM(ORfom8tmm'±*:tl?frttl&-tZjfc& 

iilStlC, Otsu et al{*R-Cl / /Ni(O)m^'a't>-&M^J^^60 e C^*3 
fc(Chem. Express, 1990, 5(10), 801) o b*»Lft*Sfe, Otsu et al OR — 

^tt(3)^i^«< J.o-^/VTfeSfca6, 3fe£fcjE*reftV>j&»t> L 
ftftV\, IMCm^(i^PJ#^«toT 1 t 3 «^^nfci 6 ^ftiSfc, Otsu et al OR 
- C 1/ N i ( 0 ) 1B.fr&tritWtm 3R «fM $ tl^*^ S: ^ £ ft V > 0 
mmZtlft-mtklzm^K Otsu et al ©R-Cl/Ni(0)|l^« 
f4 B amf ordtd i «9 M?§£jn1Z m%iM t [^^{C-^6<)ft U Y y ? X Mftm t b 
Tf£ffl"f~<5 i 5 "Cfc<5 (Reactivity, Mechanism and Structure in Polymer 
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Chemistry, Jenkins, A. D. and Ledwith, A., eds, J ohn Wiley & So 
ns, London (1974) , p. 52 ; 3o Comprehensive Polymer Science, Allen 
, G. , Aggarwal, S.L., Russo, S., eds., Pergamon: Oxford, 1991, v 
ol. 3, p. 123£#|$) 0 Otsu et al (DJfc-VWMZtlttftliltfofe^MI&ffl&imiS 

Ni(0) k<D®<DU}?vfxBLJ&fc£ 9^L^LT^b$n^Ni«{cJ:6M^ 

£ 0 rtui, 4aj«awt-i3»t5*»^jpi-c(Eji$nsATRP^*3»"t*R-xi: 

AT R P 5^7 '✓ ? #/K0MM3J:tfR -M. - X t R— Mn • t <vm<D 
*(WM)^^/KD««*5j:yR-Mn -XtR-Mn • (R0 t 

^ft7^^^oi^ifc«^(i^:(2o) i-^i-r t a*-c# 5 : 

lut. 

Mn - X + CuX ^ Mn- + CuXa 

K = k««./ ki- = ([ Mn ] X [ CuXa])/(C Mn - X3 x [ CuX] ) 

« [ Mn ]' /([ R - X].X [ CuX Jo) (19) 
[Mn-] = {( k**./ luwct.) X([R — X]»X[ CuX 3 o) }"* (20) 

5t(20)^bt>^5«fc b ^A(MM) ^^^/^^(i^tL^n^^i 

r 13 mvmm, r-m„ - x* <omv Mv%.m&&tiL<Dmm, j&8ixx, *3it/ 

S-^M^&<#c#L-CVn<5(*3, 4*5«fct/5, |2l9&#Hgcar £) e 
^(cMi-Si, PMA- iCuCL t(DfS^^^>fbSJ^(iPsti:CuCl 2 £ 
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.™* vcuci2 ) (Bamford, Comprehensive Polymer Science, Allen, G. , A 
ggarwal, S.L., Russo, S., eds. , Pergamon: Oxford, 1991, p. l£r#H8) 

m&tiPMA-Clk CuClk<Dm<Dh<D& OiSV^C-t-Zj;^*), k«t. P ...ei >k. c 

t.wA.d )„ zfttePMA-cibit^xm^P st-ci*-?(DffiG-MM^*^*c 

*-k&<— Set" 5 (Danen, W. C, in Methods in Free Radical Chemistr 
y, Huyser, E. L. S., e d. , Dekker, New York, 1974, vol. 5, p. 1 
£ T>*_biacD P outsma£#f$) „ St*5 it/MACATR P fcJfc^TitiV^MMAtfJA 

t r p tf» -c* e> jx s BfeJt 9 1?* (* 4 tt, n y P 

MM A - C 1*5 J; Tff&M ? /V P MM A • 0) W#fc*3 5 SC^»**S^flH4^*5 
i ttf£t£fb5S£ t ' & 5 (5 if W ft* * & ^ 5 ' £ & «N% L T V > 5 o 

010*5 5 fc, MAWCl-ATRP tJ£-<-trfSVVMA©Br 
-ATRP^fpO^^/K^^ih*^^^:*^. MA©Br-ATRPl^lt5 
I^O*^MA©Cl-ATRPtp©t)©J: «5 tt**>»C3iV\ La»LfcflSS>, # 
#ifcf2Br ATRPI^It5^Cl-ATRPI^It5fe©,fciJ^5MJ:3t5V> 

CuCL f©7 ]J — 7 i?* fr<D^femkkyc<Xm.^^ k $r^l^U-CV^-5o Br- 

A T R P }£*5tt 5 9 yKDfcfiW* C 1 - A T R P «fc <9 * £ V 5 

) > B r Sr-^^ri-S Cu (I) U\Z ± 5 P M A - B r©»ft C 1 fc^i" 5 Cu (I) U 

T_h|HOCurran, Syntehsis, in Free Radicals in Synthesis and Biolo 
gy, joit/in Comprehensive Organic Synthesisu; Danen; and Poutsma^T 
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^Jfcffl 5 R X +e • ->R • + X • ) 0 

^mmm.^-^m-i-^ k r - x * ^mj^t- x & z vmrn (^ltad 

y^M^<K^«t 9tM*C^V^ (Howes et al. I norg. Chem. 1988, 27, 3147 

a^jn^s^-r 5 atrp^r— xtf 3 roratgxMtwcBoss*{£*t-r 5 §&v n 

j^VMi, 7^*/WR'*5J;TJ«R-Mn •^^^T^n^^^R-X*3j;T>*R- 
M» -X^&TZMfttfciknm&WjM^te&iKochi, J.K. , Organometallic M 
echanisms and Catalysis, Academic Press, New York, 1978, $5 «fc Xl-^z <D 
tpCO##^:i^ ; Asscher, M. , Vofsi, D.J. Chem. Soc. , Perkin II, 19 
68, 947 ; Cohen, H. , Meyerstein, D. I norg. Chem. 1974, 13, 24 

34&#as <d r t ) * fc nmmm (in) 5 S£fctt#n/3g7ci&* (_h 

IHOKochi; Orochov, A., Asscher, M. , Vofsi D. J. Chem. Soc, 
Perkin II. 1973, 1000; *3<£ T>*Mitani, M. , Kato, L., Koyama, K. J 
. Am. Chem. Soc. 1983, 105, 6719&#{$(D^ t) Sr^tf^k UftfcV\ — 

mat, z.frh<D2<><DWM*&.%\-rz>^ktem^\ ^n^ht^^^-r, m 
m^(in)a«^n^^^^5^^#^4^^ii:^^L^v>-T?fe^5o ^ 

w^oi[£^{iCu(I)/Cu(II)^■r/^uKy^^^feT♦^$i^TV^-So 

m 

< t>CD-?fe5„ ATRP-C^V^fc^t^fc0J^»^«2a(Dm^^^:(l)^S 
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77/V#/Hftl30 1 -*^7ai=y^^/K 1 - P E CI) f4#&fcM*&*iJ-C*> 
•9 , M^JH^ n y ^fc4*£> C u C 1 142. 2' - fcf bT y v> ^ (bpy) £ 9 flfffcft 

Mn<l. 5Sr^TT5*J#$^«^Srtl«i-5o 
i£f b 7 * =/u;c^/k l - p e c 1 tt^tltto^ife^ £ 9 flK £ ft ( 7 w - 

, D. ; F.if, ^-Y— ^'^PMWfc^C J . Org. Chem. K 1980, 

45, 3527) 0 

&m&JteM'&fcX^U>'(St), l-PECl(*S^{C^j-L-C0.01mol^JI), C 
uCl(l-PECl!'»tTlmol^i), *5 £Tfbpy(C\iCl\ZLttVX 3molS*)<D 

safSft, MeOH-eetJS^itoim), 48i^M^t>7^t)H«fiT'C6o , c-citji$n 

sec (DdDMMHiAi^ pma y r * v ^m.^ Km vxm& btitz 0 wl,^ 
<Dmtt<< * ^ ?9 y * \z. i t> m%. £ *x, # y * ^ >-mm&@ii x 

Mn,sEc 0«W:Tia©^SS:(21) : 

M«.t> = <[M]o/[l-PECl]o X (MW) 0 X i|tem«a (21) 

[m]o t [i-PEci] 0 {4- ; en^n^if$:(^^w^) t i-wcicn&mcnms. 
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«r*U (MW).H:W?)^l-efe5 0 rft l-PECllif^ 
/5>&9^(Mw/Mn=l. 3-1.45), fi-a-^{^*|"r51n([M]o /[M]) ©jlW&T'P y 

£?>K^ — igC0||^[M]o/[l-PECl]o(7)^^fiJ-a-C, [l-PECl]./ 
[CuCl], /[bpy]o fi— fe<DfiJ£- 1 : 1 : 3 X\ 130X:xn^ti D m 5 t mW^. 
^m^:(21){^^V^T, M,sec tffjf ^^fcM^th i:^Jtlg?i-2>^7 7^^ 

^*^H<7D3. 8X10 3 fabl. 05X10 5 g/^-/^-C^*5V>-Cli:^<Dyci y hfc 

y^-e^^tbfc* y v^y'mttm&ftm.'rz troths. 

EC1, CuCl*fcttbpy<BfcV>»a>W:, »64xfe«^H:5^F-** s faiT#i", 
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1 3<m-e<D *^i^ijn**£- 0>i£3& 



10-50947 



|Si] 0 *K<ffc* [l-PECl]o [CuCl]o [byp]o M*a" M»jbc M./M, 
(mraol) (%) (mmol) (mmol) (mmol) 



4.375 


15 


0 


0 


0 


0 


132,100 


1.76 


4.375 


52 


0 


0.182 


0.54 


0 


134,700 


1.95 


4.375 


40 


0.0528 


0.0455 


0 


3,400 


68,700 


3.10 


4.40 


45 


0.0528 


0 


0.135 


4,100 


76,500 


2.10 



^frsSS^ft Sftfc CWT3li£M#fla) o JfBfcJWiF-*** -V y^VlttfV *^v(0 
.5g s Mn=4000 > Mw/Mn=l. 45) *3 «fctf 2{gFtf>iB3it|*£>T ^ U /Hfc;* *7Kl. Og) 

H)m^.^ntc(U^-95%^ Mn=13,000, Mw/Mn=l. 35) „ 

mm&mxmm § tut , &&&jpifl*jKfft& ^ ± * jsm^^» ? ( 

at r a) \z.^xmm~tz> t, fcfc^SftfciiSJftttBI 2i^$H5^*= 
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l-PECl*3«kOTft<D*<*:Pi-Cld»feo4iBH&#lStD SrM^UT, ^ft^* 
^«R-ci fc p, -ci^OTtfJBWlEtM-a r. £ ttii«WfcJW-W«iRJ£*r# 

5 #»t> Ltl&V N (Kochi, J. K. Organometallic Mechanisms and Catalysi 
s, Academic Press: New York, 1978, &£T**:(D'p(D3\ffl- Asscher, M. , 
Vofsi, D. J. Chem. Soc. , Perkin II, 1968, 947; Cohen, H. , Meyer 
stein, D. Inorg. Chem. 1974, 13, 2434) &1tnm{kM%fa/M5c&fe : £'Vlf 
«MB(III)»pM4fe(Kochi,±|B ; Orochov, A., Asscher, M. , Vofsi D. , 
J. Chem. Soc. , Perkin II, 1973, 1000 ; Mitani, M. , Kato, L. , Koyama 
K. K. J. Am. Chem. Soc. 1983, 105,6719) o 

tup,-cit p. • fc©iwo^wx*©atts^^*©«^iE(frr-«3tee, 

LTl^o l-PECl/CuCl/BpyMM^J^(l : 1 = 3 O^^Jfc) trlfco 

T130t-C#^$nfc^!J p« i?^ U;V^^^V(Mn=35,400, Mw/Mn= 1. 40) CD 
WJ'ttttrr/mr (rm) /mm: 53/38/9ffc 5 „ £*l 6» ©tttt jfeSttft 7 VX/l'MI&M B 
PO^oti C^tW Ztltitf}) * ? ? V Jlsmt^MP MM A) CD#[^ 

2S»!#£ft<5o £?— 1. 5^7U^*CD^tf7 ^r^(l-PECli^LT)^ 



(70) 10-509475 

O^-Cfi^i-So (Moad, G., Rizzardo, 
E., Solomo, D. H. , Polym. Bull., 1982, 6, 589) 0 ATRPtfcltir 
(DRfc<Dnffi.n&\^*»b£\<\ &-tfft<b(l)ATRPfiit<, (2)iBiM*t 

ATRPI4, ^*^<E«li:#^l«*Bb^v>3»^JPim^J; UffiiSSixfeHiMW 

ftWK?^? /HfflKM^ te^S 5 ( B outevin, B. , P ietrasant 



Y. , Comprehensive Polymer Science, Allen, G. , Aggarwal, S. L., 
Russo, S.Wi. Pergamon: Oxford, 1991, Vol.3, p. 185; Bamford, C. H. , 
Comprehensive Polymer S cience, ( Supplement) % Allen, G. , Aggarwal, 
S. L.., Russo, S. M, 1 Pergamon: Oxford, 1991, p. l) c 

mikt Lt, ^7)V(DT)V*)vm\Lmmi&n<n> i-peci, ^i^f^ol 

^ja^CuCl/bpyfi#«9MLig^»J7^^^»{-J; 9 Xf-ls^&M&l, 
Sftfc : 

(1) I^ftliTHF|:»jJ|Sil, MeOH»i*5V»TtfclR$n(3|Hl)., SKiStLT 

(2) TO-ftH/«^te?«i&£n, jSSW^HSTT?l^**ix^o 
*fflw^**^f4l^tttt*^^ffi^Jftt-J: Off 5 - b&X% 5 25 
~60<C) o PJC«-a-fl:^*^Ht«*ife^M^bi'#fe^*o 
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uBrfiJl^acD^r^^J: t^iltili^nTtCNagashima, H. ; Ozaki, N. ; I shii, 
M. ; Seki, K. ; Washiyama, M. ; I toh, K. , J. Org. Chem. 1993, 58 
, 464; (c)Udding, J . H. ; Tuijp, K. J . M. ; Van Zanden, M. N. 
A. ;Hiemstra, H. ; Speckamp, W. M. J. Org. Chem. 1994, 59, 1993; 
(c) Seijas et al, Terahedron, 1992,48(9), 1637 ; (d) Nagashima, H. ; Wa 
kamatsu, H; Ozaki, N. ; I shii, T. ;Watanabe, M. ; Tajima, T. ; I to 
h, K. J. Org. Chem. 1992, 57, 1682) c 

mmm3 

^^■U^(0. 9gh l-tft7x^xf/Kl M L, 7.54X10 6 mol), Cu(I)C 
l(7.54X10-6mol) % 2, 2' - fcf fc° ]} (Bpy ;2. 26X 10 6 *M lfcfCt>"? 

130^-^21. 5ftM\z.t>1£QlJamirz rtti^y ^ i^&fMSLfco &\z. s 

60 , C-C48I^MI9* * *fc„ 

«^$*7t«^fls:Sr^>f X^^ o-^ b^9 7-f (S E C) \Z X 9 «Lfc t r 
IS^^iMn.sEe J*95, 000-Cfc t) , Sg^^¥^^*Mn,th (73102,000 

1.45-^foofCo 

>SrW«byto #kftfcS^#<DiR¥fi80K-?;fcofco t¥^^lM, SK (493 
,000T?fci9 % SlfrW#¥*&# J F-*M*th CD97, 000}^ i < -SLTV^fc 0 #£>*Wc: 
fi-£#:c7)##iSc N Mw/Mnttl.50-C*>o7h. 

0.45g©;*? L U'>'£2.5ju L (1.89X10 5 *r/l>) <D 1 -P E Cl£M£ffl U Cu(I)C 
lOftfr 9 fcjK^&JR fc UTNi (O) (2. 73X lo" 6 mol) SrftJB U Bpy<7>ft;fc> V K 
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ga{» t ltp Ph 3 (i. 4i x io~ 4 moi) vtisxmt. mmm 3 <Djfm*m v 

i4189,000(Mn,th =17,600), ##ffcMw/Mnfcn. 70^&o fc c 

l-PEC10i^2. 26X10 5 mol-CfeD, Cu(I) Cl^ttfr 19 (CRuCL (2.26 
X10 mol)£{£fflU Bpy<W^9 l-P Pha (6. 78X10* mol) 4r4£ffi Lfc£Wi 
, »3 0»^ot/fy X^UVfcfSgSlLfCo *-a*^130 t C^13. 5^fT 
ofc 0 #f 5 tL7bm'a > #:Wl|X^«90%-Cfco7b 0 ifc¥*&^*M».sEc m8,300T\ 
Mn. th =17, 900{C^feT<t < — ScLTV>fc 0 W^nfcM-a-^W^fcMw/Mnf^ 
.0-CfeofCo 
HOTJ7 

l-PECl^ft^^l-A I BN(1.7X10 5 mol)£H£fflU Cu(I) Cl^ft*^ 
^Cu(II) CL 

( 3 X 10 5 mol) U Bpyfi 7 X 10 5 mol W^/V*^^ UTb^^fi, HJfeM 

*LfcM^f$Wi»te90%l?fcofc 0 ^Fi$# J fftM,sEc f*18,500-T?, Mn.th =25 
, 000^— @[b-CV>fc 0 #knfc«^frc75##ifcMw/Mnfil. 7Xh^tz B 
mMM8 

l-PECKD^^WDD/nt't- h !J^(3. 75X10 6 mol) U 
Cu(I) C lHm<Dftt> D Cu (I) C 1 1 Cu(II) C 1« i «^t©M (Jttt-etb3. 
76X10* mol) SHfcffl U Bpyfil. 9X 10 6 mol©*/H:Sr^W^"SW^W:, HJfeM 
3©^t|$ot^yxf l/y^Lfc 0 «^Srl30«CT33I^MfTo^: o #£> 
n7"cS-^^^lR*f*80%-efeo7t 0 Kfc3p*&5fr J F-*NL.« (i81,500-e, M»,.b =95 
, 500^i < — ffcLT^fdo #kftfc£^#<Z)##1ftMw/Mnm.4^fco7to 

l-PECl©ft^!9(-^^<Vv ? ^(3.75X10 6 noD^ttfflU Cu(I)Cltf>ft 
I^FeCh (3.75X1Q 5 mol) Srffeffl U BpyC£>ttfc> 9 I- (Eto)a P (1. 15X10-4m 
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ol) fc'ttffl LfcJsWtt, Hlfe0a3^^^oT^y ^l^SrHHUfc. *^ 

Mn,sBc ^19,300-C, JVL,.„ =21, 100^«k<— StLTV^o #£>*lfcM-g*{fctf># 
^tfcMw/Mntt3. 0t?fcofc 0 

1.45g<73T^ y ^/V<§H£/B U l-PEC10ft^«9 [Ca, a ' -i^/n 
V^>-(4.4X10-5mol)^fflL, Cu(I) C l<73ftfc> K) t-Cu(I) Br( 8 X 10 ' mol) 
SrttJHU Bpy«2.5Xl0 4 molW^/viSr^-rS^tt, SIIS«3 ©^Ssfcflg 
oT/-KyT^ y^g*;rf^«:WRbfc„ «^&80^-C*36B#fi0fTofc: 0 #*>ftfc« 
-£#<D4X^ii90%-?&o7t 0 fc¥^^iM„ , SECfi31, 000T\ M» , th=29, 500^ 
i < — ffcb-^fc #^tLfd*^W#^t!cMw/Mn«l. 2T?fcofc 0 

WntT'D^-b (1.47X10 5 mol)3H£/8U Cu(I) Br(l. 47X10 5 mol 
)<Hfefl3U Bpy«4.5Xl0 4 mol(D^rjum^^ir?)Si^-i, HJfe^lOOT^JC 
^ot#!)Ti7y;V^f;^fi|lLfc, fi#3rl00 < C-C15H#fflfro;fc e #<b*v 
fcS^#^J&¥te95%-Cfcofc 0 Sfe3p*&^*M. , SECf429, 500-C, M»,th=31,0 

0.5g<Dy*??}) /IsWt* 7A'*m.m U Jgffll i bTO. 5ml<7^^5vV£i£ffl b 
, l-PECl©ft*3t)fc2-3i^-^r2-s&>f y^U— h (2. 5X10 5 mol) Sr-fifeffl 
U Cu(I)ClOft*3«?{-Cu(I)Br(1.5X10 6 mol) U BpyJ24. 5X 10 ' m 

oiw^-^*s:^^ri-5^ii s hwj 3 <Dj3m\zL&*DXtf v jvwt* f-^ 

SrWHRbfco *^^100 e C-C1.5^praffo7 v c 0 #&ftfc*^fr©Jfc*W:95%'Ca!>o 
fc 0 ^cTO^arlVUsEc J320,500T\ M„ ( th=i9,ooo(c: b-^fc D # 

gl%ff]13 

*^l/^<7}ft;b«9 (CIO. 45g<7M y^l^SHtfflU 1-PEC1&3. 9X10 mol 
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ftJBU Cu(I)C1^3.9X10 5 moMSJBU Bpytel. 2 X 10 * moKD* 

"C45B#M?Tofc 0 ftblTl1tM&#<DtBimt3im"t?tb<o1t B ft 
12,700T\ M„.th =9,500^— & LTV >fc„ fcfc*Lfc*^fl:<B#$Ml^w/Mnl42. 
0T*fcofc 0 

M*ft?W iltl-PE C l(Z?ft^ 9 {'0. 5g<Z) P S t-C 1 (Mn=4, 000, Mw/Mn=l. 4 

5)Srtt^u uri.ogor^ yym^^«r«fflu cu(i)ci(ii.25 

X10* molO^e/W-i&^fflU BpyfS3. 75X10* molt^^S&^Pfi-SJ^Mi, 

HMM 3 o^^t^o -cps t-b- p m a y ^ ^ u if tr y i? is— y t ^ 

5%T?feofc 0 Sfcspi&^iM^m tel3,000T\ Mn.th =11, 600{C «fc < — SLt 

Wc e #kftfcS^#0##iltMw/Mritel. 35T?fcofco 

H;6fcMl5 

p st-b-PMA-b-p st(#y ey^^/Ky y^^^/i^-tf 

ft&to&m?Liz.7 s ?xzi<Dtt;t^ mmv>a. o'-^D^i/y(ixio 

'molh GuBr(2X10 moDSrffflU Bpy(6 X10* molK MA (3g) *5 iU«Et 
oAc(10ml)^Px.7t o T^^y^W^t^fit, ftbftfcSSSfcSrlOO 

pma (# y y /wbi^ *-A<) *siR*ioo%T#e>nfe. t^^^iM,,^ « 

30,500T\ Mn,th =30,000lCi<— IcLT^^ PMA<D##ffcMw/Mnfil. 3"C 

:©PMAW^fi/y(ig)^ ^^^ioo < c-ei8^MLfc 0 3 

^ny^M^^lR*100X-C#e>*lfc«, ^^>^: 5 PW^*M».sec «42,000T\ 
M».«h =40,000^ J; <— IcLt^^ 3 y ^ l^©#^|tMw/Mnl4l. 45 
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Mffeffl t VX 1 - P E C l©ft*3 5 (-0. 5g<D PMA-C 1 (Mn=2, 000, Mw/Mn=l. 
30) *H£fl!U LTl.Og^T* y A*** ^MHSfcJB U Cu(I)C 11*2.5 

X10 4 molW^-zH^fflb, Bpy«7.5X10 4 molCO^-^*^^Ti-5^« N 
SUfe0!l3 O^SII^ctPMA-b-P St(#y ]) jV&tf-Ar-WD 

1tm&fc<ni&m'£90%x*&>itc o ^5p*&^*Mn,sEc «n,500-e, ivl. , th=n, o 

y (0. 48g) £*^l^St(0. 45g) ©?I^Sr##t^t b 

U l-PECl©fffltli3 m L(2.26X10 5 mol)T?fc<9 N Cu(l) ClOffifflfcfi 
2. 22X10 B molT'fctK Bpyii6. 5X10 ' molc^/l'i&^Wi'S - i J^Miv M 

mm 3 (D^m^^x 9 ^yj*&m&#- p ( s t- co -M a) vtc 0 m-a-«i3o 
°cx5mmz.t>ti*)ftt>titio #^tLfcm^w^(i95%-efeofc 0 ^<d2&¥ 

J^^*m„.sec «39,ooo-e % Mn,th=39, ioo(^j;<— iJcbrv^fCo 

^<Z)#5>t5:Mw/Mn{il. 
^M18 

^ ^ y f/VMMA (0. 45g) t * f U ^ S t (0. 45g) CDm&VO&^&fc 

irUffflU l-PECl^ft^t) ^ l-PEBr(3 ^ L, 2. 2 X 10 ' mol) 
U Cu(I)Cl(Z)ftt>!9(CCu(I)Br(2. 0X10 5 mol) Srfljffl U Bpyf44.5X10 m 

(St-co-MMA)^f83|Slbfc: 0 M-^Wtl00t:-C14I^W^*37h?)^T^7^o ftbtllt 
fi^COJ{X^f±90%-Cfeofc 0 •€r<0«3p*&5^ J f-*M*«c (i38,000t?, M** =36 
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l-PECKBffcbUfclCs (CH: Br)e (1 X10* mol) Sr-ffc/l! U Lt 
TP }) f/l^MA ( 1 ml, 0.96g)£H£fflU Cu(I) Cltf>ft;b >9 ICCuBr (1. 8 

X 10 * mol) U Bpy«5.8X10 4 moK75^E-/H:^W-r5r ir^fi, HSfe 

o ^W^ftM^Ec (i9,600-C, M n .th =9,600bfE±iZ.— ifeLfc 

g^$c<D##f5:Mw/Mnfi2. O^feofCo 

gtifcff!l20 

l-PEC10ft^!9^C« (CH* Br) 6 (1.53X 10 6 mol) Srfgffl Lfc£W1*W\ H 
Jfmzfeo x 6 y^fuyps tS#ft«rMK L7t 0 # tLTcM^ 

cDJDl^{i90%-efeofc 0 -tO»3p*&5^-*M,« «24, 100-e, M„.th =26, 800{£ 
ISTfcofc t #p5^fcS^O#^«tMw/Mn{4l.25t?&o7^o 

l-PECKDft^^t^-^nn^nt^^a. 74X10 5 mol) U 
14H# MfTJbnfcWfl-tt, SUttM 3©»^otCOO H^S?r^-r 5 

wtBtt^y x^^^pstm^srmKu^c #kftfcfi^#»wte5o%T-fc>9 

% ^TCD^TO^ftMn.sEc (439, 600-Cfe «9 , #^ffcMw/Mnttl. 45T*feofc 0 
H3SM22 

l-PEClOft^OlCCeH* (CH* Br) 2 (1 Xio' mol) &r<f£/8 U 0. 5gCD^ * 
^!);^f;l/MMAML, CuCl(2. 00X10* mol) SrffiJB U Bpyf45.2X 
lo" 4 mol^^/Uitr^-rS^i^fi, »3©*ft(^oT2eOBr*JS 

y^^^y ^/vpMMAM##£g»^^<p-cio 

0t:r*P!^Lfc e 8^W^W#f5nfc:M-^#:cDllX^«100%X-fe-ofc o -£c^TO 
^ftM„,sEc m, 800-Cfe 9 , M„. th =5,000(Cj£MT-feofc 0 #^tLfcK-a-^ 
^>#^fCMw/Mn(41. 35-Cfeo7t c 
^MM23 
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Br*ffi<D3Zffi@iWm)m&m ,f Br-Pn-Br* ) teTfEO 1 M^fcfi 2 TM 

Br-P„-Br — » NaNa — NaP*-N s 

-* KCN -» NC-Pn-CN 

(1) CH»COOK-> HO-P B -OH 

(2) NaOH 

BrCH z CH 2 -P»-CH s CH 1! Br -»-2HBr- ► H 2 OCH-P.-CH=CH 2 

l-PECl(7)ftfc»«9 (£0.900X10 mol(DCBr4 U 0. 5g(D^ U 

JBU 1.5X10* mol<7)CuCl£<(£fflU 3. 2X10* mol<73 BpySr^W-f 5 - tSXft 
it, WJ3W»^ot, 2<@<DBr«JX£ 2 ^<a*ifeBr«£;rr53td$ 
'B'tl^irjtig^'B'titt^y ^^I^^P St^lOOlCT-illiSlUfcio 20^M^fC# 
kftfcM^#WiWt490%Tfcofc 0 ^<Dm^^SMn,su {±4,500^, M„. t 
h =5,000i— SfcUyto #P>tt7tS-a*^#^ftMw/Mn{il.45-t?feo7^ 0 
fcm^ftfi^0!l23fcfSffc©:£ifefc: ±>)t©4 BIBttaK V w<o *f*iKn? <fe 



(78) 10-509475 
^8 

CuCl/Bpy^^|-©3i^^J«fit^©^?9ET(i:*3ltSSt ATRP 
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FIGURE 6 
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FIGURE 7 
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FIGURE 10 
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FIGURE 11 
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FIGURE 13 
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[016] 

FIGURE 16 

r . ci + cu'ci -3=*- DR -CU M, Cl2l 
R-M-CI + Cu'CI [R-M-Cu BI Cl2l 

R-M n -CI + Cu'CI [R - M n - Cu m Cl2l 
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FIGURE 17 
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R-CI ♦ Cu'CI R' Cu"CI 2 

R-M-CI + Cu'CI -3=- R-M* Cu N CI 2 



mm 



R-M n -CI + Cu'CI r=? 



R-M„- ...... Cu n Cl2 
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